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1.0 GENERAL SUMMARY 


The NASA/JSC Environmental Effects Office (EEQ), in conjunction with 
several government and private agencies, conducted five balloon- 
parachute flight': from the National Scientific Balloon Facility (NSBF) 
at Palestine, Te.nas, during the period from May 1976 through October 
1976. These flights (see Table I) were designed to measure the ver- 
tical concentration profile of trace stratospheric species which form 
major links in the chiorine photochemical system of the upper atmo- 
sphere. As such, they represent a continuation of the previous six 
flights in this series which were instrumented to measure the vertical 
concentration jrofiles of atomic oxygen, the hydroxyl radical and 
ozone in the stratosphere. These earlier flights are fully documented 
in JSC Internal Report JSC-11846 (Balloon Stratospheric Research 
Flights - November 1974 to January 1976) dated October 1976. 

This document contains an overview of the scientific goals of the 
program, a statement of program management and support functions, a 
brief description of the instrumentation flown, pertinent engineering 
and payload operations data, and a summary of the scientific data 
obtained for four flights during the period from May 1976 through 
October 1976. Results of the 14-meter parachute Test Flight, flown 
on 5-2-76, are described in a Quick-Look Flight Report (ref. TC-76-337, 
dated 6'-10-76) prepared by NASA/JSC/EEO and are not discussed in this 


report. 



TABLE I. BALLOON STRATOSPHERIC RESEARCH FLIGHTS 
APRIL 1976 TO OECE^t8ER 1976 


5 NCAR 

1 Flight Flight 
1 No. 

Type of Experiment 

Date 

Launch Time 
Release Time 

1 

1 

T 

7 

954 -p 

1st Chlorine Oxide (ClO-1) 
Measurement (ClO/Aerosol-1 ) 

■ - -- ■ 

4-4-76 (1) 
1053 CST 
1534 CST 

f 

NASA/JSC-NCAR-Oni versify of Michigan | 
(2) - Langley Research Center/ 1 
University of Pittsburgh (4) - Wallops; 
Flight Center (5) | 

8 

961-P 

Parachute Test Flight 
{14-meter Diameter Guide 
Surface and 16.75-meter 
Diameter Cross Parachute) 

5-2-76 
0655 CDT 
1041 CDT (JSC) 
1045 CDT (GSFC) 

NASA/JSC-NCAR-GSFC (6; - University 
of Michigan (?) | 

1; 

9 

i 

i 

965-P 

2nd Chlorine Oxide (Cl 0-2) 
Measurement (CIO/Grab 
Sample-2) 

5-15-76 
0727 CDT 
1200 CDT 

HASA/OSC-NCAR-Uni versity of Michigan , 
(2) & (3) 

1 10 

; 

977-P 

1st Atomic Chlorine/ 
Chlorine Oxide (Cl/ClO-1) 
Measurement (Cl-ClO-1) 

7-28-76 
0829 CDT 
1241 CDT 

NASA/JSC-NCAR-Uni versity of Michigan 
(2) - Wallops Flight Center (5) 

11 

990-P 

2nd Atomic Chlorine/ 
Chlorine Oxide (Cl/ClO-2) 
Measurement (Cl/ClO/O^) 

10-2-76 
0759 CDT 
1215 CDT 

NASA/ JSC-NCAR-Uni vers ity of Michigan 
(2) - Wallops Flight Center (5) 

12 

1001-P 

3rd Atomic Chlorine/ 
Chlorine Oxid^ (Cl/Cl 0-3) 
Ozone On Totui Air Temp 
(TAT) 

12-8-76 
0853 CDT 
1 200 CDT 

NASA/JSC-NCAR-Universi ty of Michigan 
(2) - Wallops Flight Center (5) 


(1) The first attempt to launch the 1st Chlorine Oxide (CIO) Measurement payload on 4-1-76 was 
aborted on the launch pad due to insufficient balloon lift. 

(2) Resonance/fluorescence instrumentation Grab sample instrumentation ; ( 4 ) Aerosol instrumentation 

(5) Ozonesondes ; ( 6 ) l_6.7_5-nieter cross parachute ; ( 7 ) solar background (118.8 nm) counter instrunentation 

and multi -module instrument support frame 



2.0 SCIENTIFIC RATIONALE AND GOALS 


Over the past decade, as our understanding of the delicate photo- 
chemical balance of the Earth's upper atmosphere has expanded, it 
has become clear that irreversible harm can be done to this region 
of the atmosphere by contaminants released at the Earth's surface 
or in the lower atmosphere. Of particular concern is the depletion 
of stratospheric ozone (0^) - an important natural resource due to 
its unique capability of screening the Earth's surface from ultra- 
violet radiation. Attempts to quantitatively predict photochemical 
perturbations of the ozone layer (and thus variations in the ultra- 
violet dosage reaching the surface) resulting from the injection and 
diffusion of gases into the stratosphere, have demonstrated that 
insufficient empirical knowledge exists regarding the concentration 
of various atomic and diatomic radicals in the stratosphere. These 
minor species are thought to control ozone through catalytic reaction 
cycles.* 

Although our appreciation for potential problems has grown, our 
understanding of the fundamental physical and chemical processes 
which control the stratosphere is incomplete and seriously lacking 
in observational verification. In particular, most of the major 
atomic and diatomic species which are thought to couple the oxygen, 
hydrogen, nitrogen, and chlorine photochemical systems together have 

^ A description of ;.zone chemistry and ozone reduction by catalytic 
reaction cycles is given in JSC Internal Note JSC-09688 
(Fundamentals of Stratospheric Ozone) dated June 1975. 
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never been observed. Thus, it is difficult to defend theories which 
attempt to cor»’elate the injection of a stable compound with, for 
example, the depletion of stratospheric ozone. 

The complexity of stratospheric photochemistry is illustrated in 
figure 1. The major chemical source terms , indicated by upward- 
pointing arrows, are relatively stable polyatomic molecules released 
from the earth's surface and within the troposphere. These species 
have chemical lifetimes on the order of weeks to months so that their 
upward flow and global distribution is, in general, governed by 
transport processes. The linking radicals are formed directly (and 
irreversibly) from the chemical source terms either by photolysis 
(dissociation by ultraviolet solar radiation) or chemical reaction. 

The radicals, in contrast to the source terms, have chemical life- 
times on the order of minutes and they thus reflect the chemical 
conditions in their immediate vicinity. The reservoir or sink terms, 
indicated by downward-pointing arrows, are formed by the recombination 
of the radicals. Like the source terms, they are rather stable 
chemically but may be recycled into the radical system by photolysis 
and chemical reaction or removed by downward and meridional transport. 

The NASA/JSC Environmental Effects Project Office, in conjunction 
with several government and private agencies, is studying the vertical 
concentratio.j profiles of those radicals which form major links in 
the photochemical systems of the stratosphere. The goal of the 
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Figure 1.— Oxygen, hydrogen, nitrogen and chlorine photocheti;ical systems. 


research is to determine simultaneously the absolute concentration 
of one or more radicals in each of the major stratospheric systems. 

This will allow for empirical verification of calculated ozone 
depletion resulting from the presence of hydrogen, nitrogen, and 
chlorine source gases in the stratosphere. The data gathered are 
indicative of the current state of the stratosphere and will estab- 
lish an invaluable basis for measurement of future changes in the 
concentration of the critical trace species. Among the most impor- 
tant constituents are atomic oxygen, ozone, hydrogen, chlorine, and 
the oxides of hydrogen, nitrogen, and chlorine - all of which are 
under study at the present time. This report documents five balloon- 
parachute flights conducted to measure the concentration of atomic 
chlorine (Cl) and/or chlorine oxide (CIO) at various levels in the 
stratosphere. Reference measurements of stratospheric ozone (conducted 
via radiosonde), ancillary measurement of stratospheric aerosols, and 
the collection of stratospheric gases using a grab sample technique 
are also documented, 

3.0 PROGRAM MANAGEMENT 

The JSC Science and Applications Directorate is responsible for the 
overall direction and evaluation of the balloon-parachute stratospheric 
measurements program. 
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4,0 PROGRAM SUPPORT 


The JSC/Environmental Effects Office (EEO) conducts the balloon- 
parachute flight operations. Prime overall technical and operational 
support of the payload is provided by Lockheed Electronics Company, 

Inc. (LEG), under terms of a scientific and engineering support 
services contract to JSC. The National Center for Atmospheric 
Research (NCAR) provides prime operational support such as launch 
operations, payload tracking, recovery operations, range safety, 
facilities, and meteorological data. 

The University of Michigan working under contract to the EEO has 
responsibility for the resonance fluorescence and grab sample 
instrumentation. Data reduction and analysis for measurements 
obtained with this instrumentation are the joint responsibility of 
the University of Michigan and the EEO. The University of Pittsburgh 
under the sponsorship of Langley Research Center is responsible for 
ancillary aerosol particle counter instrumentation flown on the first 
CIO flight and also for reduction and analysis of the aerosol data. 
Wallops Flight Center is rf sensible for operation of the reference 
ozone (radiosonde) instrumentation and for data reduction of the 
resulting ozone measurements. 

In addition to scientific and managerial administration of the program, 
NASA/JSC also provides logistics and technical support for the flights. 
The JSC/Logistics Division is responsible for transportation of payload 
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and support equipment to the NCAR facility. The JSC/Space Environment 
Test Division assists in demonstrating the capability of the instru- 
mentation to withstand the thermal and vacuum conditions encountered 
during balloon flights. The JSC/Space Vehicle Battery Facility is 
responsible for the preparation and delivery of the flight and spare 
battery and for the up-looking motion picture camera. The JSC/ 
Photographic Division provides documentary photography for launch, 
flight, and recovery. 
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5.0 BALLOON OBSERVATION OF STRATOSPHERIC SPECIES (BOSS) FLIGHTS 
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5.1 FIRST CHLORINE OXIDE (ClO-l) MEASUREMENT 
{NCAR FLIGHT NO. 954-P) 

4 April 1976 
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5.1.1 SUMMARY 


This balloon-parachute flight was ihe sixth flight of the laminar flow 
through/resonance fluorescence instrument (principal investigator: 

Dr. James Anderson, University of Michigan) and took place on 4 April 
1976. The purposes of the flight were to measure the vertical concen- 
tration profile of chlorine oxide (CIO) in the 25 to 45 km altitude 
range and to obtain an in situ grab sample of stratospheric gas at an 
altitude of approximately 20 km. An ancillary experiment was again 
flown as part of the payload to perform counting measurements (as a 
function of altitude) of stratospheric aerosols with surface-ionizable 
constituents. 

The first attempt to launch the CIO instrument payload was made at 
1015 CST on 1 April 1976 and is recorded as NCAR Flight Number 952-P. 

This launch failed due to insufficient balloon lift. An investigation 
of the failure identified the problem as being the direct result of 
incorrectly recording the weight of the flight package. The two most 
significant digits were transposed such that the weight was recorded 
as 570 pounds (not 750 pounds as was correct). As a result, insufficient 
helium was loaded into the balloon and the flight ms aborted on the 
launch pad immediately after release from the launch vehicle. Minimal 
damage was incurred by the payload but the framework protecting the 
grab sample bottle was crushed and the frangible tube on the experiment 
was broken allowing contaminating gases to enter the sample bottle. 

This experiment was changed out prior to the next launch attempt. 


n 



A successful launch of the CIO instrument payload was achieved at 

1053 CST on 4 April 1976 from the NSBF at Palestine, Texas. Hardware 
. 5 

consisted of a 4,3x10 cubic meter balloon, 9. 75-meter guide surface 
parachute, NCAR telemetry system, JSC flight support module, the 
resonance fluorescence instrument modified to measure the concentra- 
tion of CIO, a grab sample bottle, and an aerosol particle counter to 
monitor the presence of particulates larger and/or richer in surface 
ionizable constituents than a pre-set discrimination level. The 
University of flichigan was responsible for the resonance fluorescence 
and the University of Pittsburgh, under the sponsorship of Langley 
Research Center, was responsible for the aerosol particle counter 
instrumentation and for reduction and analysis of the aerosol data. 

The payload weighed approximately 290 kg, and consisted of telemetry, 
balloon control, descent-observation, and scientific instrumentation. 

A sketch of the payload showing the placement antennae and instrumen- 
tation is shown in figure 2. The modifications made in the placement 
of antennae and the antennae support structures for the previous flight 
of this series (the Third Hydroxyl 0H{X tt) Flight) were adopted for 
the present flight. Figure 3 is a photograph of the payload hanging 
from the launch vehicle taken a few minutes prior to lift-off. 

Instrumentation carried as part of the payload consisted of NCAR and 
JSC telemetry instrumentation, NCAR balloon control instrumentation, 
NCAR and JSC pressure transducers to measure the altitude of the pay- 
load, two vertical reference gyros to measure payload attitude, a 
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Figure 2. Sketch of the First Chlorine O'ide (ClO-1) Payload 
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z-axis accelerometer tu determine the loadinq forces when the parachute 
is deployed, a single up-looking motion picture canrera (64 framos/sec 
using a 10 rnn lens) to observe parachute opening and descent character- 
istics, the laminar flow through/resonance fluorescence instrument to 
leasure the concentration of chlorine oxide, and an aerosol particle 
counter to monitor the presence of particulates, A grab sample bottle 
experiment from the University of Michigan was originally planned, but 
it was damaged in the pad abort on 4/1/76; consequently, it was not 
operational during this flight. Two ozone radiosondes were scheduled 
to be launched in conjunction with the flight to make correlative 
measurements of the concentration of stratospheric ozone. 

Function, manufacturer, model, and serial numbers for support instru- 
mentation are itemized in Appendix A. Pertinent electrical and 
mechanical drawings are listed in Appendix B. A description of the 
telemetry systems and channel allocations is given in Appendix C. 
Photographic documentation for the flight is itemized in Appendix D. 

The payload reached a float altitude of 44.5 km (146 k ft) at approx- 
imately 1400 CST after a normal ascent. However, the payload did not 
respond to commands to activate the resonance fluorescence instrument. 

A series of command transmissions (including sending commands from 
the tracking aircraft, sending conmands with different code addresses 
and sending all programmed commands including FLIGHT TERMINATE failet 
to produce any response from the payload. The flight was terminated 


15 



automatically by the on-board backup tinier at 1534:44 CST with house- 
keeping data being received until 1541 CST. Due to the failure of 
the payload to respond to commands, none of the scientific objectives 
of the flight were achieved. 

The payload landed in a clearing approximately 32 minutes after nayload 
release about 25 nm NW of Jackson, Mississippi. The recovery crew 
found that the ballast hopper contained 25 kg of ballast at the impact 
site. Comparing this value with the command/ballast log indicated 
that the failure occurred betweeen 1310 and 1320 CST (about 2 hours, 

20 minutes into the flight) at an altitude of approximately 38 km 
(125 k ft). The payload was recovered and returned to the NSBF at 
Palestine on 5 April 1976, Post flight analysis by NSBF, JSC/EEO and 
LEC personnel during the period from 6-9 April 1976 isolated the fail- 
ure to the on-board PCM command decoder system. A complete description 
of the investigation is contained in a report from JSC/EEO to NASA 
Headquarters entitled "CIO Flight Failures and Corrective Action" 
Reference TC-76-314 dated April 26, 1976. 

5.1.2 PAYLOAD OPERATIONS 

5.1 .2.1 Ascent Phase 

After the abortive attempt to launch the first chlorine oxide CIO 
payload on 1 April (designated as NCAR Flight No. 952-P), a successful 
launch occurred at 1053 CST, 4 April 1976, and was accomplished using 
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the dynamic launch technique. The flight profile for the First Chlorine 
Oxide CIO Flight is illustrated in figure 4. The balloon system 
ascended at an average rate of 4.0 meters per second to a float alti- 
tude of 44.5 km, The altitude of the payload was measured by three 
pressure transducers: a high range (0.1-0 psi), a medium range (1-0 

psi) and a low range (15-0 psi). Figure 5 is a '"'ot of the altitude 
data obtained from these three sensors during the ascent and float 
phases of the flight. Except for the data at -44.5 km, the portions 
of the curves where the indicated altitude is nearly constant with 
time indicate the saturation levels of the pressure transducers. An 
apparent discrepancy exists between the high and medium sensors of 
about 1.2 km. 

5. 1.2. 2 Descent Phase 

The payload failed to respond to commands and the payload was released 
automatically by the backup on-board timer at 1534:44 CST. The z-axis 
accelerometer measured the loading forces while two vertical reference 
gyros monitored the descent attitude of the system. Payload altitude 
as measured by the three pressure transducers during descent is plotted 
in figure 6. The discrepancy in the altitude data as measured by the 
three sensors is apparent. The velocity/altitude profile of the 
descending payload is shown in figure 7. The velocities on this 
flights are comparable to those of previous flights. The vertical 
force on the payload during parachute deployment is illustrated in 
figure 8. The payload reached terminal velocity in about 33 seconds 
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Figure 5. Altitude/time profiles for the ascending payload during the first 

Chlorine Oxide (ClO-1) flight as measured by three pressure transducers. 




Figure 6. Altitude/time profiles for the descending payload during 
the first Chlorine Oxide (ClO-1) flight as measured by 
three pressure transducers. 
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as is normal for this parachute. Figure 9 shows the probability that 
the angular deviation of the payload from vertical is less than a given 
angle as a function of angle during the first 7 minutes of descent. 

The payload was within 10 degrees of vertical 40% of the time and was 
within 15 degrees of vertical 75% of the time. This flight had some- 
what more oscillation in the descent than the previous flight of this 
series but the degree of stability is still roughly comparable to the 
stability exhibited oy the parachute system in the past. 

5. 1.2. 3 Power and Temperature Profiles 

Due to the command system failure, the CIO experiment could not be 
turned ON and very little power was consumed. The total power used by 
the complete payload was 10.5 ampere-hours with the CIO experiment 
accounting for only 2.68 ampere-hours of this total. The integrated 
power consumption is plotted as a function of time in figure 10. 

Figure 11 is a thermal history of the battery and transmitter for the 
flight. The curves show a warm launch temperature and the normal drop 
in temperature as the payload gained altitude. 

5.1.3 POSTFLIGHT ACTIVITIES 

The parachute/payload landed in a clearing approximately 32 minutes 
after payload release 25 nm NW of Jackson, Mississippi. The recovery 
crew found that the ballast hopper contained 25 kg of ballast at the 
impact site. Comparing this value with the command/ballast log indi- 
cated that the failure occurred between 1310 and 1320 CST at an altitude 
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Figure 9. Probability (percent) that the angular deviation of the oayioad fror 

vertical is less than a given angle as a function of angle for the first 
7 minutes during descent of the first Chlorine Oxide (ClO-1) flight. 
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Figure 10. Payload power consumption for the 

first Chlorine Oxide (ClO-1) flight 
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Figure 11. Thermal history of the batter, and 

first Chlorine Oxide (CIO 






of approximately 38 km (125 k ft). The payload was recovered in good 
condition and returned to the NSBF at Palestine the evening of 5 April 
1976. On 6 April 1976 an investigation of the failure was initiated. 
Results of this investigation were reported to EEPO in an LEG document 
authored by W. C. Gibson dated 12 April 1976. 

5,1.4 DATA RESULTS 

Due to the failure of the payload to respond to commands, no data was 
received from the resonance fluorescence instrument to allow the con- 
struction of a vertical concentration profile for CIO. Likewise, no 
data was received from the aerosol particle counter. None of the 
scientific objectives of the flight were achieved. 

Wallops launched ozonesondes to determine ozone profiles. Results of 
these measurements are shown in figure 12. 
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5.2 SECOND CHLORINE OXIDE (ClO-2) MEASUREMENT 
(NCAR FLIGHT NO. 965-P) 
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5.2.1 SUMMARY 


This balloon-parachute flight was the seventh flight of the laminar 
flow through/resonance fluorescence instrument {principal investigator: 
Dr. James Anderson, University of Michigan) and took place on 15 May 
1976. The purposes of the flight were to measure the vertical con- 
centration profile of chlorine oxide (CIO) in the 25 to 45 km altitude 
range and to obtain an in situ grab sample of stratospheric gas at an 
altitude of approximately 20 km. 

The flight was launched at 0727 CDT from the NSBF at Palestine, Texas. 
The morning launch was chosen such that the payload could be released 
from the balloon at midday at which time the theoretical diurnal con- 
centration cycle of CIO would be stable. Hardware consisted of a 

5 

4.3x10 cubic meter balloon, 9.75-meter guide surface parachute, NCAR 
telemetry system, JSC flight support module, the resonance fluorescence 
instrument modified to measure the concentration of CIO, and the in 
situ grab sample bottle. The University of Michigan was responsible 
for the resonance fluorescence and grab sample instrumentation. Thus 
the hardware was essentially identical to that flown on the previous 
flight of this series with the exception that the aerosol particle 
counter experiment was deleted. 

The resonance fluorescence instrument was launched with only the photo- 
multiplier tubes (PMTs) and engineering data monitors operating. The 
payload condition and background readings from the PMTs were checked 
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during ascent and appeared to be satisfactory. All payload systems 
functioned as expected including the NCAR PCM command system. The 
payload reached a float altitude of 45 km (148 k ft) at approximately 
1030 CDT after a normal ascent. The command to release the payload 
was sent from the NCAR tower at 1200 noon CDT to begin the data gather- 
ing phase of the mission. CIO concentration data was obtained from 
41 km (134.5 k ft) to 27 km (88.5 k ft). The grab sample bottle 
experiment was activated on schedule and apparently worked normally. 

The bottle and entrapped sample were returned to the University of 
Michigan for study. 

The overall performance of both JSC and NCAR telemetry systems du-'ing 
the flight was excellent and good quality data was transmitted to each 
of the three ground tracking stations used for this flight. A sketch of 

the Dayload 1s shown in Figure 13 and a ohoto of the la, inch is shg,™ In 
Figure 14. 

5.2.2 PAYLOAD OPERATIONS 
5. 2.2.1 Ascent Phase 

The flight profile for the Second Chlorine Oxide CIO Flight is illus- 
trated in figure 15. Launch occurred at 0727 CDT, 15 May 1976, and 
was accomplished using the dynamic launch technique. The 4.5x10 cubic 
meter balloon and payload were launched very cleanly from the NCAR 
launch vehicle. There was no visible release interference, ground 
contact, or excessive swinging of the payload. The parachute and 
suspension system appeared to be correctly rigged and straight. The 
balloon system ascended at an average rate of 4.1 me'^ers per second 


31 





Launch Pin 
Fitting-- 


200# Ballast Hopper 
with Rigid Chute — 


NCAR CMD 
Mntenna 



NCAR Telemetry 
^Antenna y 


Cable w/PVCL, 
Pipe Stiffeners 

~~ NCAR / 
Electronics^ 
Box / 


Voice 

Relay Antenna- 


Omega 

Tracking 

Antenna— 


Back-Up CMD Antenna 


Grab 

Sample 

Bottle- 


Foam Spacer — 
Impact Recorde 


JSC Flight Support 
Module — ^ 


University of 
Michigan Gas Bottles 


CIO- 2 
Measurement 
Module-^ 



JSC PCM-— if 
Telemetry Antenna 


NCAR Electronics Box 

1. CMD Receiver 

2. Analog MUX 

3. Digital MUX 

4. Data Encoder 

5. Rosemounts 

6. VCO Mounts 

7. Mixer/Amp 

8. Transmitter 

9. JSC Scaler Box 

10. JSC Camera Relays 
n. NCAR Elec Batt 

12. Camera Batt 

13. JSC Junction Box 

14. Gyros 

15. Vert Accelerometer 
JSC Flight Support Module 

1. JSC Transmitter 

2. Flight Batteries 

3. Sensor Unit 

4. Gyro/Xmtr Relay Box 

5. Current Sensors 

6. Power Distribution 

7. Impact Recorder 


Figure 13. Sketch of the Second Chlorine Oxide (ClO-2) Payload 
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Figure 15. Flight Profile for the Second 




to a float altitude of 45 km. The altitude of the payload was 
measured by three pressure transducers: a high range (0.1-0 psi), 

a medium range (1-0 psi) and a low range (15-0 psi). Figure 16 is a 
plot of the altitude data obtained from these three sensors during 
the ascent phase of the flight. Except for the data at ~45 km, the 
portions of the curves where the indicated altitude is nearly constant 
with time indicate the saturation levels of the pressure transducers. 
As in the previous flight, an apparent discrepancy exists in the 
altitude data. The magnitude of this discrepancy is about 2 km for 
the low and medium range sensors. Because the payload was to be 
released around noon and nothing of significance appeared to be 
happening, the recorder was turned OFF at about 1030 COT and turned 
ON again at 1128 CDT. 

5. 2. 2. 2 Descent Phase 

The payload was released on command from the NCAR tower at 1200 noon 
CST and the data gathering phase of the mission began. An onboard 
motion picture camera and accelerometer observed parachute deployment 
and measured the loading forces while two vertical reference gyros 
monitored the descent attitude of the system. Payload altitude as 
measured by the three pressure transducers during descent is plotted 
in figure 17. The discrepancy in the altitude data as measured by 
the low and medium sensors is apparent. The velocity/altitude profile 
of the descending payload is shown in figure 18. The velocities 
encountered on the present flight are comparable to those of previous 
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Figure 16. Altitude/time profiles for the ascending payload during the second 

Chlorine Oxide (ClO-2) flight as measured by three pressure transducers. 




Figure 17, Altitude/tirae profiles for the descending payload 
during the second Chlorine Oxide (Cl 0-2) flight as 
measured by three pressure transducers. 
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Figure 18. Velocity/altitude profile of descending osyload for tlie 

second Chlorine Oxide (ClO-2) flight. 



flights. The vertical force on the payload during parachute deploy- 
ment is illustrated in figure 19. The payload reached terminal 
velocity in about 30 seconds as is normal for this parachute. Figure 
20 shows the probability that the angular deviation of the payload 
from vertical is less than a given angle as a function if angle during 
the first 20 minutes of descent. The payload was within 10 degrees 
of vertical 40% of the time and was within 15 dt;irees of vertical 75% 
of the time. This degree of stability is comparable to the stability 
exhibited by the parachute system in the past. 

5. 2. 2. 3 Power and Temperature Profiles 

Figure 21 shows the payload power consumption integrated as a function 
of time for the flight. The magnetron on the resonance fluorescence 
instrument was turned ON at 1159 and turned OFF 9 minutes later and 
resulted in the large Increase in power consumption around the time 
of cut down. Total power used by the complete payload was 16.9 ampere 
hours with the CIO experiment accounting for " 2 ampere hours of this 
total . 

Figure 22 is a thermal history of the battery and transmitter for the 
flight. Figure 23 is a similar plot showing the temperature of the 
uplooking motion picture camera. A comparison of these two 
figures shows when power was supplied to the heaters on the camera. 
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Figure 19. Vertical force on payload after paracJiute deoloyment 
for the second Chlorine Oxide (ClO-2) flight 




Figure 20. Probability (percent) that the angular deviation of the payload from 
vertical is less than a given angle as a function of angle for the 
first 20 minutes during descent of the second Chlorine Oxide (Cl 0-2) 
flight. 
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Figure 21. Payload power consumption for the second Chlorine Oxide 

(Cl 0-2) flight. 
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Figure 22. Thermal history of the battery and transmitter for the 

second Chlorine Oxide {ClO-2) flight 
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Figure 23. Thermal history of the uplooking motion picture camera 
for the second Chlorine Oxide (Cl 0-2) flight 



5.2.3 POSTFLIGHT ACTIVITIES 


The parachute/payload landed 1n an open field only 19 nm from the 
NSBF at Palestine, Texas at 1233 CDT. There was no apparent damage 
to the instrument or support systems upon impact and the payload was 
recovered and returned to the NSBF less than 90 minutes after landing. 

5.2.4 DATA RESULTS 


5.2.4. 1 Resonance Fluorescence Experiment 

Concentration profile data obtained from this flight is available 
from the Principal Investigator, Dr. J. Anderson, at the University 
of Michigan. 
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jj.2,4.2 Grab Sample Experiment 


A grab sample system was flown by Investigators from University of 
Michigan to demonstrate the operation and performance of a specific 
flight hardware design. The objective was to develop a grab sample 
capability on all future flights to measure M 2 O, Freon 11 and Freon 12 
at an altitude of 2(1 Km, This flight verified that the sample was 
taken at the intended altitude. The contents were examined only for 
methane by investigators at the University of Michigan using gas 
chromatography-flame ionization detection (CG-FID) technique. Additional 
information can be obtained on this flight experiment by contacting 
Cicerone, B. Kennedy or D. Steadman at the University of Michigan. 


46 



5,3 First Atomic Chlorine/Chlorine Oxide 
(Cl/ClO-1) Measurement 
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5.3.1 SUMMARY 


This balloon-parachute flight was the eighth flight of the laminar 
flow through/resonance fluorescence instrumentation (principal 
investigator: Dr. James Anderson, University of Michigan) and took 

place on 28 July 197fi. The purpose of the flight was to measure the 
vertical concentration profiles of chlorine oxide (CIO) and atomic 
chlorine (Cl) in the stratosphere. 

The flight was launched at 0829 CDT from the NSBF at Palestine, Texas. 
The morning launch was chosen such that the payload could be released 
from the balloon when the theoretical diurnal concentration cycle of 
Cl and CIO would be stable (aporoxiniately the same period in the cycle 
as the previous flight in this series). To accomplish the simultaneous 
measurement of the concentration of two stratospheric species, the 
University of Michigan mechanically and electrically reconfigured the 
scientific portion of the payload to use two resonance fluorescence 
instrument pods. The additional pod and supporting structure increased 
the payload weight necessitating the use of a 14-meter guide surface 
parachute. Additional support hardware consisted of a 4.4x10 cubic 
meter balloon, NCAR telemetry system, and the JSC flight support module. 
Figure 24 identifies various subsystems and components and figure 25 
shows the payload ready for launch. 

The resonance fluorescence instruments v/ere launched in a low power 
configuration with only the photomultiplier tubes (PMTs) and engineering 
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data monitors operating. The payload condition and background readings 
from the PMTs were checked during ascent and appeared to be satisfactory. 
Instrument activation prior to cut down was normal with all functions 
responding as planned. The payload reached a float altitude of 43 km 
(141 k ft) at approximately 1045 CDT after a normal ascent. The com- 
mand to release the payload was sent from the NCAR tower at 1200 noon 
CDT to begin the data gathering phase of the mission. CIO concentration 
data was obtained from 41 km (134.5 k ft) to 27 km (88.6 k ft) and 
Cl(^P) concentration data was obtained from 42 km (137.8 k ft) to 35 
km (114.8 k ft). 

The overall performance of both JSC and NCAR telemetry systems during 
the flight was excellent and good quality data was transmitted to each 
of the three ground tracking stations used for this flight. 

The parachute/payload landed in an open field approximately 20 nm east 
of Erownwood, Texas at 1241 CDT. The dual pod attachment structure 
apparently failed on impact as predicted. This structural failure 
occurred at specific points and was intentional to reduce the landing 
impact effects on the electronics package. The only apparent damage 
to any payload system was mechanical damage to exposed cabling. The 
payload was recovered and returned to the NSBF at Palestine on 29 July 
1976. 
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5.3,2 PAYLOAD OPERATIONS 


5, 3, 2.1 Ascent Phase 

The flight profile for the First Atomic Chlorine/Chlorine Oxide Cl/ClO 
Flight is illustrated in figure 26. Launch occurred at 0829 CDT, 

28 July 1976, and was accomplished usi ig the dynamic launch technique. 

5 

The 4.4x10 cubic meter balloon and payload were launched from the 
NCAR launch vehicle with no visible release interference, ground con- 
tact or excessive swinging of the payload. The hallocn system ascended 
at an average rate of 5.3 meters per second to a flo-.t altitude of 
43 km. The altitude of the payload was measured by three pressure 
transducers: a high range (0.1-0 ps!,i a Kiedium range (1-0 psi) and a 
low range (15-0 psi). The temperatur.*:. of the low and medium range 
sensors were monitored during the flight to determine if the thermal 
environment was responsible for the discrepancies in the altitude data 
seen on the two previous flights. As shown in figure 26, the thermis- 
tors had essentially identical temperature readings throughout the 
flight and the range in temperature was well within acceptable limits. 
Figure 27 is a plot of the altitude data obtained from the three pres- 
sure transducers during the ascent phase of the flight. Despite the 
small temperature differences measured, the discrepancy in the altitude 
data remains. Except for the data at "43 km, the portions of the 
curves where the indicated altitude is nearly constant with time indi- 
cate the saturation levels of the pressure transducers. 
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Figure 26. Best estimate of altitude/time profile for the ascending payload 
during the first Atomic Chlorine/Chlorine Oxide (C1/C10-1) flight 
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Figure 27. A1 titude/time profiles for the ascending payload during 

the first Atomic Cnlorine/Chlorine Oxide (CL/ClO-1) flignt 
as measured by three pressure transducers. 




5. 3. 2. 2 Descent Phase 


The payload was released on command from the NCAR tower at 1200 noon 
CST and the data gathering phase of the mission began. Solar zenith 
angle at the time of cut down was 16 degrees and the payload latitude 
was 31.4 degrees North. An onboard motion picture camera and accelero- 
meter observed parachute deployment and measured the loading forces 
while two vertical reference gyros monitored the descent attitude of 
the system. The best estimate of payload altitude determined from 
the discordant pressure transducers during the descent is plotted in 
figure 28. The velocity/altitude profile of the descending payload 
is shown in figure 29. The velocities encountered on the present 
flight are somewhat lower overall when compared to previous flights. 

The vertical force on the payload during deployment of the 14 meter 
diameter parachute is illustrated in figure 30. The payload reached 
terminal velocity in about 24 seconds (considerably faster than on 
previous flights, which used a 9.75 meter diameter guide surface 
parachute). Figures 31, 32 and 33 show the probability that the 
angular deviation of the payload is less than a given angle as a 
function of angle for several time intervals during the descent. 

Figure 31 shows the payload attitude probabilities during the first 
6 minutes of descent (payload within 10 degrees of vertical 55 % of 
the time). Figure 32 shows the payload attitude probabilities during 
the next 6 minutes of descent (payload within 10 degrees of vertical 
45% of the time. Figure 33 is a similar plot for the first 19 minutes 


55 





Altitude (km) 


50 


40 


30 


20 


10 


Velocity (m/sec) 

T 

Figure 29. Velocity/altitu ie profile of descending payload for the 
first Atomic Chlorine/Chlorine Oxide (Cl/ClG-1) fMgbt 
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Figure 31. Probability (percent) that the angular deviation of the 
payload from vertical is less than a given angle as a 
function of angle for the first 6 minutes during descent 
of the first Atomic Chlorine/Chlorine Oxide (Cl/ClO-l) flight 
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Figu'i i 32. Probability (percent) that the angular deviation of the payload 
from vertical is less than a given angle as a function of angle 
for the second 6 minutes during descent of the first Atomic Chlorine/ 
Chlorine Oxide (Cl /Cl 0-1) flight 
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Figure 33. Probability (percent) that the angular deviation of the payload 
from vertical is less than a given angle as a function of angle 
for the first 19 minutes during descent of the first Atomic Chlorine/ 
Chlorine Oxide (Cl /Cl 0-1) flight 



after cutdown (payload within 10 degrees of vertical 53', i of the time). 
Thus the attitude stability was excellent during the entire descent. 

5 . 3 . 2 . 3 Power and Ten ? erature Profiles 

Figure 34 shows the payload power consumptions integrated as a function 
of time for the flight. Total power used by the complete payload was 

14.1 ampere hours. 

Figure 35 is a thermal history of the transmitter and the uplooking 
motion picture camera for the flight. A similar plot showing the 
temperatures of the low and medium pressure transducers for determin- 
ing payload altitude was shown in figure 36. 

5.3.3 POSTFLIGHT ACTIVITIES 

The piyload landed in a open field approximately 20 nautical 
miles east of Brownwood, Texas, at 1241 COT. The dual -pod attachment 
structure apparently failed on impact at the predicted points to decrease 
the shock on the electronic components. The payload was returned to 
NSBF the following day and the only damage was to some exposed cabling. 

5.3.4 DATA RESULTS 

5. 3.4.1 Resonance Fluorescence Experiment 

The results of the resonance fluorescence measurements of atomic 
chlorine and chlorine oxide which v/ere obtained on this flight are 
included in the scientific write-up which is attached to appendix E. 
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5. 3.4.2 Ozonesonde Data 

Personnel from Wallops Flight Center supported this stratospheric 
measurement flight by launching two ozonesondes from the National Weather 
Station at Longview, Texas. The first ozonesonde was launched at ICOO CDT 
and the second ozonesonde wa« launched at 1309 CDT. Concentration 
measurements obtained by these two ozonesondes appears in figure 37. 
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Figure 34. Payload power consumption for the first 

Atomic Chlorine/Chlorine Oxide (Cl/ClO-1) fl'ght 
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Figure 35, Thermal history of the transmitter and uplooking motion picture 

camera for the first Atomic Chlorine/ Chlorine Oxide (.Cl/ClQ-1) flight 
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Figure 36. Thermal history of low ano medium range pressure transducers for 
the first Atomic Chlorine/ Chlorine Oxide (Cl/ClO-1) flight 
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5.4 Second Atomic Chlorine/Chlon'ne Oxide (C1/C10-2) Measurement 
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5.4.1 SUMMARY 


This balloon parachute flight was the ninth flight of the laminar 
flow through/resonance fluorescent instrumentation (principal 
investigator: Dr. James Anderson, University of Michigan) and took 

place on 2 October 1976. The purposr of this flight was to measure 
the vertical concentration profiles of atomic chlonne (Cl) and 
chlorine oxide (CIO) in the stratosphere. This flight was also uti- 
lized to perform a flight qualification test on a new design for an 
ultraviolet absorption ozone monitor and a total air temperature 
measuring device to supply temperature profiles to the chemical analysis. 

The flight was launched at 0759 COT from the National Science Balloon 
Facility at Palestine, Texas. The morning launch was again chosen to 
maximize the opportunity for low surface winds needed to launch the 
balloon and to drop around noon when the chlorine photochemistry has 
stabilized. 

The two pod configuration for the laminar flow through/resonance 
fluorescence measurements was utilized and the ozone monitor and 
total air temperature systems were installed in the NCAR electronics 
box. The payload weight was 715 pounds and a 14 meter diameter guide 
surface parachute was used on this flight. The payload was carried 
aloft by a 4.4x10^ m^ helium filled balloon. A sketch of the payload 
and a listing of support hardware instrumentation is shown in figure 38. 
Figure 39 shows the payload hanging from the launch vehicle just prior 
to launch. 
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Figure 38. Sketch of the Second Atomic Chlon'ne/Chlorine Oxide (Cl/ClO-2) Payload 
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The payload reached a float altitude of appro;<iraately 43 km at 1107 CDT, 
The flight was terminated at 1?.15 CDT and the parachute/payload landed 
close to a residence o*i •'•hr. uutskirts of the town of Calvert, Texas 
which is north of Bryan, i'he dual pod attacb..t. it structure failed at 
tlie predicted points on impact. One of the vertical support struts 
to one of the University of Michigan pods also failed but did not 
damage the rest of the instrumentation. 

5.4.2 PAYLOAD OPERATIONS 

5. 4. 2.1 Ascent Phase 

The flight profile for the second atomic chlorine/chlorine oxide (Cl/ 
ClO-2) flight is illustrated in figure 40. Launch occurred at 0759 CDT, 
2 October 1976, and was accomplished using the dynamic launch technique. 
The 4.4x10 m balloon and payload were launched from the NCAR launch 
pad with no visible interference, ground contact, or accessive swinging 
of the payload. The payload obtained an altitude of approximately 
43 km at 1107 CDT. 

Operation of all systems during ascent was nominal except for the UV 
ozone monitor. Thi'j system exhibited an unusually high background 
noise level. Figure 41 shows the pressures indicated by the three 
onboard pressure transducers during the ascent phase of the flight. 

5. 4. 2. 2 Descent Phase 

y 

The payload was released on cottmand from the NCAR tower at 1215 CDT. 
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ALTITUDE 



TIME (CDT) 

Figure 41. Altitude/time profiles for the ascending payload during the 
second Atomic Chlorine/Chlorine Oxide (Cl /Cl 0-2) flight as 
measured by three pressure transducers. 



An onboard motion picture camera observed the parachute deployment, 
the accelerometer measured the G forces on parachute deployment, and 
two vertical reference gyros monitored the descent attitude of the 
system. The altitude profile as a function of time inferred from 
the pressure transducers is shown in figure 42. The velocity as a 
function of altitude for the descending payload is shown in figure 43. 
Vertical forces experienced by the payload during release and deployment 
of the 14 meter diameter parachute are shown in figure 44. Figure 45 
shov/s the stability of the payload during the descent. This figure 
indicates the probability that the payload has less than the indicated 
angle during descent. Indications were that this payload was more 
unstable than the first Cl/ClO flight. This difference is attributed 
to higher wind shears and atmospheric turbulence since there were no 
variations in the rigging which would account for this difference. 

5. 4. 2. 3 Power and Temperature Profiles 

Figure 46 shows the payload power consumption integrated as a function 
of time for the flight. Also shown in that figure are the separate 
power consumption profiles for the ozone monitor, and for the electronics 
systems. Total power consumption was approximately 35 ampere-hours. 
Figure 47 shows the temperature of the transmitter and the batf' ’ 
package. Figure 48 shows the skin temperature and the uploc'- " :amera 
during the flight. 
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Figure 43. Velocity/Altitude Profile of Descending Payload for the 
Second Atomic Chlorine/Chlorine Oxide (Cl/ClO-2) Flight 
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Figure 45. Probability that the Angular Deviation of the Payload from 
Vertical is less than a Given Angle as a Function of Angle 
During Descent of the Second Chlorine/Chlorine Oxide (Cl/ClO-2) Flight 
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Figure 47. Thermal History of the Battery and Transmitter for the Second 
Atomic Chlorine/Chlorine Oxide (Cl/ClO-2) Flight 
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Figure 48. Thermal History of the Camera and Payload Skin During the Second 
Atomic Chlorine/Chlorine Oxide (Cl/ClO-2) Flight 



5.4,3 POSTFLIGHT ACTIVITIES 


The payload landed in the edge of the town of Calvert, Te^tas which is 
north of Bryan , Texas. Failure of the pod attachment structure occurred 
at the predicted points. One of the vertical support struts to the 
resonant fluorescence modules failed on impact but did not damage any 
of the other equipment and experiments. Recovery was completed and 
the equipment returned to NCAR on the afternoon of 2 October 1976. 
Postflight testing indicated that all components survived and were 
still in fully functional order. 

5.4.4 DATA RESULTS 

5.4. 4.1 Resonance Fluorescence Experiment 

The results of the resonance fluorescence measurements of atomic 
chlorine and chlorine oxide which were obtained on this flight are 
included in the scientific write-up which is attached to appendix F. 

5. 4. 4. 2 Ozone Data 

Personnel from the Wallops Flight Center supported this flight 
by launching three radiosondes from Longview, Texas. The first 
radiosonde which was launched at 0856 CDT only produced data to 
approximately 20 km. The other two radiosondes launched at 1053 CDT 
and 1331 CDT, respectively, produced data up beyond 30 km. The con- 
centration produced by the use of ozonesondes is shown in figure 49. 
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The UV absorption ozone monitor was onboard this flight but 
because of noise in the system, did not produce what is considered a 
good concentration profile of ozone, 

5 . 4 . 4 . 3 Total Air Temperatur e 

A Rosemount Total Air Temperature (TAT) sensor was installed on 
this flight. The temperature measurement that this instrument recorded 
is shown in figure 50. 
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Figure 50. Air Temperature Profile Measured during the Second 
Atomic Chlorina/Chlorine Oxide (Cl /Cl 0-2) Flight 


5.5 Third Atomic Chlorine/Chlorine Oxide (Cl/ClO-3), Ozone Measurement 
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5.5.1 Summary 

This parachute flight was the tenth flight of laminar flow through/ 
resonance fluorescence instrumentation (principal investigator: 

Dr. James Anderson, University of Michigan) and took place on 8 December 
1976, The purpose of this flight was to measure the vertical concen- 
tration profiles of atomic chlorine (Cl), chlorine oxide (CIO), and 
ozone (Og) in the stratosphere. A temperature measuring device was 
also included in addition to the concentration measurement instrumenta- 
ti on. 

The flight was launched at 0853 CST from the National Science 
Balloon Facility at Palestine, Texas. The morning launch was again 
chosen to maximize the opportunity for low surface winds needed to 
launch the balloon and to drop around noon when the chlorine photo- 
chemistry has stabilized. 

The two-pod configuration fov' the laminar flow through/ resonance 

fluorescence measurements were utilized and again the ozone monitor was 

installed in the NCAR electronics box. The total payload weight was 

720 lbs and a 14-meter diameter guide surface parachute was used for 

5 3 

the drop on this flight. The payload was carried off by a 4.4x10 m 
helium filled balloon. A sketch of the payload and a listing of sup- 
port instrumentation is shown in figure 51. Figure 52 shows the 
payload just prior to launch. The payload reached full altitude at 
approximately 42 km at 1132 CST. The flight was released at 1200 
CST and the parachute/payload landed approximately 
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51. Sketch of Third Atomic Chlorine/Chlorine Oxide (Cl/ClO-3) Payload 
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10 nautical miles south of Jena, Louisiana. Due to the sandy, soft 
soil conditions, the pod attachment structure was bent but did not 
fracture. No unusual damage occured on landing. 

5.5.2 Payload Operations 

5.5.2. 1 Ascent Phase 

The flight profile for the third atomic chlorine/chlorine oxide 
(Cl/ClO-3) flight is illustrated in figure 53. Launch occurred at 
0853 CST, 8 December 1976, and wa^ accomplished using the dynamic 

C O 

launch technique. The 4.4x10 m balloon and payload were launched 
from the NCAR launch pad with no visible interference, ground contact, 
or excessive swing of the payload. Payload obtained altitude at approx- 
imately 42 km at 1132 CST. 

Operation of all systems during ascent was nominal. Figure 54 
shows the pressures indicated by the three onboard pressure transducers 
during the ascent phase of our flight. 

5. 5. 2. 2 Descent Phase 

The payload was released on cortmiand from the NCAR tower at 1200 CST. 
An onboard motion picture camera observed the parachute deployment, an 
accelerometer measured the vertical forces on parachute deployment, and 
two ve tical reference gyros monitored the descent attitude of the 
payload. The altitude profile during descent as averaged from 
the pressure transducers is shown in figure 55. The velocity as a 
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Figure 53. Flight Profile for the Third Atomic Chlorine/Chlorine Oxide 
(C1/C10-3) Flight 
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12-8-76 

Launch Time 0853 Hr. CST 
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Figure 54. Altitude/ time profiles for the ascending payload during the third 
Atomic Chlorine/Chlorine Oxide (Cl /Cl 0-3) flight as measured by 
three pressure transducers 
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Figure 55. Altitude/Time Profile for the Descending Payload During 
the Third Atomic Chlorine/ChlorineOxide (Cl/ClO-3) Flight 



function of altitude for the descending payload is shown in figure 56. 
Vertical forces which were experienced by the payload during release 
and deployment of the 14-meter diameter parachute are shown in figure 57. 
Figure 58 shows the stability of the payload during descent. 

Upper altitude winds at this time of year are very high which car- 
ried the balloon approximately 165 nautical miles from NSBF. This 
situation recommended that the down-range telemetry station located at 
Tuscaloosa, Alabama, be activated. This station was in operation prior 
to the payload approximately 15 minutes before drop and was able to 
acquire data until about 15 minutes after release. Range from Tuscaloosa 
was approximately 300 nautical miles. Data reception at the station 
appeared to be good at this range. 

5. 5. 2. 3 Power and Temperature Profiles 

Figure 59 shows the payload power consumption integrated as a 
function of time for the flight. Also shown in this figure are the 
separate power consumption profiles for the ozone electronics and ozone 
pump. Total power consumption was approximately 34 ampere-hours. 

Figure 60 shows the temperat"re of the transmitter, camera, and battery 
pack. Since the ozone monitor was being flight qualified on this 
flight, several data points were taken regarding temperature on that 
unit during flight. Figure 61 shows the temperatures which were mea- 
sured at the sample chamber the ozone destroying filter and the UV lab 
inside the package. Figure 62 shows the temperature measured at the 
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Figure 56. Velocity/ Altitude Profile of the Descending Payload for the Third 
Atomic Chlorine/Chlorine Oxide (Cl/ClO-3) Flight 
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Figure 57. Vertical Force on Payload after Parachute Deployment for the 
Third Atomic Chlorine/Chlorine Oxide (Cl/ClO-3) Flight 
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Figure 60. Thermal History of the Transmitter, Camera and Battery on the Third 
Atomic Chlorine/Chlorine Oxide (Cl /Cl 0-3) Flight 
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Figure 61.. Thermal History of the Lamp, Sample Chamber, and 0, Filter on the Third 
Atomic Chlorine/Chlorine Oxide (Cl/Cl)-3) Flight 
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Figure 62. Thermal History of the Pump Motor and Pump Body on the Third Atomic 
Chlorine/Chlorine Oxide {Cl/Cl )-3) Flight 


data pump body and the air pump motor. All these temperature are well 
within operational limits for tie ozone monitor, 

5.5.3 POSTFLIGHT ACTIVITIES 

The payload landed in sandy soil bottom land approximately 10 
nautical miles south of Jena, Louisiana. This very soft ground pro- 
vided a good landing spot and very little structural damage was incurred 
in the payload. The supporting struts bent at high stress points but 
did not fail structurally , Some damage was incurred to the University 
of Michigan wiring points during the recovery process which may neces- 
sitate repair or replace, but overall payload faired very well. Recovery 
was completed the afternoon of the drop and returned to NSBF on the 
afternoon of the following day. All items of equipment functioned 
well with no damage indicated. 

5.5.4 DATA RESULTS 

5. 5. 4.1 Resonance Fluorescence Experiment 

Concentration measurements collected during this flight are des- 
cribed in appendix E. 

5.5.4. 2 Ozone Data 

Results on ozone concentration profiles measured with the ozone 
monitor are described in Environmental Effects Office Internal Report 
JFC-12524. Figure 63 shows the concentration of ozone measured by this 


103 





instrument compared with data from an ozonesonde launched from Palestine 
by Nation Air Service personnel from Wallops Flight Center which sup- 
ported this flight. 

5,5.4. 3 Total Air Temperature Measurements 

Figure 64 shows the total air temperature which was measured during 
this flight. The low density air in the stratosphere combined with the 
high thermal inertia of the total air temperature sensor and its protective 
mounting produce significant errors in this measurement above about 
24 km. Methods are being investigated to improve the accuracy of this 
measurement at high altitudes. 
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Figure 64. Total Ai. .'emperature Measured on the Third Atomic 
Chlorine/Chlorine Oxide (Cl/Cl 0-3) Flight 
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APPENDIX A 


ITEMIZATION OF SUPPORT INSTRUMENTATION FOR BALLOON STRATOSPHERIC 
RESEARCH FLIGHTS CONDUCTED FROM 4 APRIL 1976 TO 8 DECEMBER 1976 
(NCAR FLIGHT NUMBERS 954-P, 965- P, 977-P, 990-P, AND lOOl-P) 


INSTRUMENT MEASUREMENT FUNCTION MANUFACTURER MODEL NUMBER SERIAL NUMBER 


Pressure 

Transducers 


Payload altitude 


Rosemount 


830A13 (0 to 15 PSIA) 
830A5 (0 to 1 PSIA) 
830A15 (0 to .1 PSIA) 


Vertical Reference 
Gyros 


Payload attitude 


Humphrey 


VG24-0822-1 


HGl 3 HG2 


3- axis 

Magnetometer 


Payload attitude 


Schonstedt 


RAM-3 


1290 

1291 
1285 


Accelerometers 


Motion Picture 
Cameras 


2 - axis 

loading force during 
parachute deployment 


Systron-Donner 


Z - 4310 


Monitor parachute 
deployment 
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vlSC-LEC EEPO MASTER DRAWING LIST 


Size 

Dwq. No. 

Confiq. 

Title 

Pre-Scaler 

c 

SDE39112446 

A 

Box 

B 

SDE39112447 

A 

Cover 

Scaler 

D 

SDE39112448 

A 

'*Box 

C 

SDE39U2449 

A 

Cover 

C 

SDE39112450 

A 

Gasket 

B 

SDE39112451 

A 

Stand-oFf 

Goddard Ozone Platform 
~C 5E£'3'9H'2452 

A 

Platform Ass’y 

B 

SDE39112453 

A 

Angle, Lifting 

B 

SDE39112454 

A 

Spacer 

B 

SDE39112455 

A 

Spacer 

D 

SDE39112456 

A 

Plate, Front Pump 

B 

SEE391124B7 

A 

Pump Enclosure 

B 

SDE39112‘4b8 

A 

Bracket, Pump 

B 

$DE39112459 

A 

Nut 

B 

SEE39112460 

A 

Bracket Ass'y Inverter 

B 

SDE39112461 

A 

Plate, Dzone Detector 

Shutter/ Lamp 


SEE39112462 

A 

Shutter Ass y 

B 

SDE39112463 

A 

Body 

B 

SDE39112464 

A 

Bracket 

B 

SEE39112465 

A 

Holder Ass'y-Motor 

6 

S0E39112466 

A 

Gear Mod 

B 

SDE39112467 

A 

Lever 

B 

SDE39112468 

A 

Shutter 

B 

SDE39112469 

A. 

Cover 

B 

SDE39112470 

A 

Foot 

Cables, Etc. 


SHE39112471 

A 

6SE Power Cable 

A 

SHE39112472 

A 

GSE Power Cable/Connector Saver 

A 

SIE39112473 

A 

Flight Plug Wiring 

C 

SIE3911247d 

A 

GSE OH-07 Comn»an(;l Simulator 
Flight Cable 'A' 

C 

SHE3911247S 

A 

D 

5IE3911247G 

A 

Interface Cabling OH-Ozone 

C 

SDE39112477 

A 

Bracket-Flight Plug 

D 

bHE3911247.B 

A 

Flight Cable 'B' 

r 

SHF391i:47w 

A 

Flight Cable 'C 
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Size 

Dwg. No. 

Confiq 

Cables, Etc. 

(Continued) 


D 

■^<;391 12480 

A 


SHE39112481 

Res 


SHE33 112482 

Res 

E 

SIE39H2483 

B 

D 

SIE39112484 

A 

D 

SIE39112485 

A 

D 

SIE391 12486 

A 

C 

SIE39 112437 

A 

D 

SIE39112488 

A 

D 

SHE391 12489 

A 

Gyro Relay Box and Frame 


C 

SIE39112490 

A 

C 

SDE391 12491-001 

New 

C 

S0E391 12491-002 

New 

C 

SDE39112491-003 

New 

c 

SDE39112'+9 1-004 

New 

D 

SDE39 11 249 1-005 

New 

0 

SIE39112499 

New 

OSC Ozone Instrument 


D 

SIE39112500 

New 

c 

SIE39112501 

New 

C 

SIE39112502 

New 

D 

SIE39112503 

New 

D 

SIE39112504 

New 

D 

SIE391125Q5 

New 

D 

SIE39112506 

New 

D 

SIE39112507 

New 

D 

SIE39112508 

New 

E 

SIE39112514 

New 

D 

SIE39112536 

New 

D 

SIE391 12538 

New 

D 

SDE39 112539 

New 

D 

SDE391 12540 

New 

D 

SDE39112541 

New 

0 

SDE391 12542 

New 

D 

SDE 39 112543 

New 

D 

S0Z36114917-1 

New 

D 

SDZ361 14917-2 

New 

D 

SDZ36114gi7-3 

New 

D 

SDZ361 1491 7-4 

New 

0 

SDZ361 1431 7-5 

New 

E 

SEE361 15200 

New 

i) 

SDE36115201 

New 

D 

SDZ36115217 

New 

E 

SEE361 15238-1 

New 

E 

SEE3611 5238-2 

New 

D 

SDZ36115510-1 

New 

D 

SDZ361 15510-2 

New 


Title 


Fll6,.t Cable 'O' 
night. Cable T' 

Rosemont Flight Cable 
Wiring Diagram JSC Flight Module 
Logic Diagram, Scaler (2 shts) 
Placement, Scaler (2 shts) 

Logic Diagram Prescaler 
PC Board Prescaler 
Schematic, Sensor Box 
-Cable, Scaler/Prescaler 


Schematic-Mechanical Dimensions, 
Gyro RiOay Box 
Plate, Center 
Plate. £nd 
Plate, Fwd 
Plate* Rear 
Pl:<te, Top 

Payload Status Indicator System 


Main Logic Board 
Command & Telemetry Interface 
(Deleted, Replaced by SIE39112514) 
Temperature Sensor & Output Dr. 
Interconnection Diag. 

GSE Timing Diag., Memory Control 
GSE Print Sequence Timing Diag. 

GSE System 

GSE Printer Interface Circuit 
GSE Display Cell Circuits 
Command & Telemetry Interface 
Printed Circuit Wiring Ass'y, 
Sensor Card 
Magnetic Shield Ass'y 
Shell & Base 
Spacer Block 
Spacer Sheet, Base 
Spacer Sheet, Side 
Nut 

Detail Parts 
Detail Parts 
Detail Parts 
Detail Parts 
Detail Parts 
Housing Ass'y 
Front Cover 
End Closure (Deleted) 

Ozone Instrument Ass'y 
Ozone Instrument Ass'y 
Detail Parts (Deleted) 

Detail Parts (Deleted) 
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Size 


[^q. No. 


Confiq. 


JSC Ozone Instrument (Continued) 


D 

SDZ361 15548-1 

New 

D 

SDZ36115548-2 

New 

D 

SOZ361 15548-3 

New 

JSC 

Integrated Telemetry System 


B 

SDE 39 112509 

Res 

D 

SEE39112510 

Pre 

D 

SIE39112512 

Pre 

C 

SIE39112516 

Pre 

C 

SIE39112517 

Pre 

C 

SIE39112518 

Pre 

Power Controller 


D 

SIE39112519 

Pre 

D 

SIE39112520 

Pre 

0 

SIE39112521 

Pre 

Command Decoder 


D 

SIE39112522 

Pre 

D 

SIE39112523 

Pre 

0 

SIE391 12524 

Pre 

D 

SIE391 12525 

Pre 

Command Status Encoder 


D 

SIE39112526 

New 

E 

SIE39112527 

New 

E 

SIE391 12528 

New 

E 

5IE39112529 

New 

Data 

Buffers 


0 

SIE39112532 

A 

D 

SIE39112533 

A 

D 

SIE39112534 

A 

D 

SIE39112535 

A 

NASA-Lanqlev-U/Pitt Experiment 


D 

SIE39112694 

New 

A 

SIE39112693 

New 

GSFC 

Parachute Test Drop 


A 

SIE39112692 

New 

A 

SIE39112691 

New 

A 

SIE39112690 

A 

A 

SIE39112689 

A 

A 

SIE391I2688 

A 

A 

SIE39112687 

A 

A 

SIE39112686 

New 

A 

SIE39112685 

New 

A 

SIE39112684 

New 

A 

SIE39112683 

New 

A 

SEE39112682 

New 


Title 


Detail Parts 
Detail Parts 
Detail Parts 


Camera Bracket 
Mech. Ass'y (2 shts) 

Sensor Box; Multi-modii!e 
PIP Power Distribution System 
•PIP Connections & Interface Cabling 
PIP Wiring Schematic 


Switch Status Memory 
Auto Off & Power Cond. 

Auto Off & Power Cond, Printed 
Wiring Layout 


Data Bus Drive & Printed Wiring Ass'y 
Address Buss Driver Printed Wiring 
Ass'y 

Command Bus Driver 
Address Bus Driver 


Interconnection Diagram 
Board #1 
Board HZ 
Board 

Frame Sync Connector & Bin/8CD 
Converter 

. Subframe Sync Connector 
Drivers 
Placement 


Telemetry Interface Electronics 
Interface Cable 


Bottom Battery Box & Cell Placement 
Top Battery Box Wiring & Cell Placement 
Electronic Ass'y HZ 
Connections from Ass'y HZ & Interface 
Cabling 

Electronic Ass'y HI 

Connections from Electronic Ass'y «1 

Squib Fire Circuit 

External Electrical Plug 

FM/FM Ground Station Block Diag. 

Payload Block Diagram 
Cross, Interface Support 
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Size 

Dwq. No. 

Confiq. 

Title 

Tield Proqraiiimable Loqic Array (Analoq Display Panel) 

C 

SIE38106206 

A 

Program Chart - Prom #1 

0 

SIE38106207 

A 

Connectors 

U 

SIE38106208 

A 

Decode Logic 

D 

SIE38106209 

A 

Control Logic 

D 

SIE3810621Q 

A 

Bar Drivers 

t 

SIE38106211 

A 

IC Placement 

1) 

SIE39112537 

New 

Programming Chart, Multi -module 




Payload 

Miscellaneous 


Antenna Support (Boss Proj. 

E 

SEZ391 11941 

New 




Radar Tracking) 

D 

SEE391 12511 

Pre 

Total Air Temperature Ass'y 




(tat) 

l.arqe 

Scale Inteqration (11/1023A) 


■ D 

SIE38106212 

New 

Interface Logic 

D 

S1E38106213 

New 

Printed Wiring Ass'y 
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APPENDIX C 


TELEMETRY AND DATA SYSTEM USED DURING 
BALLOON OBSERVATION OF STRATOSPHERIC 
SPECIES FLIGHTS MADE DURING 1976 


CONTENTS: 

1 . TELEMETRY DATA FORMAT 

2. SOFTWARE PROGRAM LISTING 

3. MASTER DATA TAPE IDENTIFICATION 



STRATOSPHERIC MEASUREMENTS PROGRAM 


MULTI-SPECIES ANALOG MEASUREMENT LIST/DISPLAY ARRANGEMENT 

SINGLE MODULE TELEMETRY ON CIO-1 (4-4-76) and ClO-2 (5-15-76) FLIGHTS 


DAC WORD/ FRAME PRIME RATE 


1 

9 

A1 GAS 1 FUDUCIAL 

24 

10 

A2 GAS 2 FUDUCIAL 


11 

A3 REACTION ZONE PRESSURE 


13 

A4 ROSEMOUNT PRESS LOW #1 


14 

A5 ROSEMOUNT PRESS MID #2 

4 

15 

A6 GYRO 1 PITCH DISPLAY 

5 

16 

A7 GYRO 1 ROLL GROUP A 


25 

A8 ROSEMOUNT PRESS HI #3 

7 

26 

A9 OZONE CONTROL ELECTROMETER 
(GSB MONITOR) 

8 

27 

AlO MONITOR AUX CMD 
SUBCOM 

9 

12/1 

All VMIA (VISIBLE MONITOR, 
MODULE 1, LAMP A) 

10 

12/2 

A12 VMIB 


12/3 

A13 VMIC* 


12/4 

A14 VMID* 


12/5 

A15 VM2A* 


12/6 

A16 VM2B^' DISPLAY 


12/7 

A17 VM2C* GROUP- B 


12/8 

A18 VM2D* 

11 

12/9 

A19 VM3A (MAGNETRON CURRENT) 

12 

12/10 

A20 VM3B (MAGNETRON VOLTAGE) 


12/11 

A21 VM3C* 


12/12 

A22 VD3D* 


12/13 

A23 VM4A* 


12/14 

A24 VM48* 


12/15 

A25 VM4C* 


12/16 

A26 VM40* 

13 

12/17 

A27 PMT #1 HV (CIO DATA) 

14 

12/lS 

A26 PMT #2 HV (CIO UV MON.) 


12/19 

A29 PMT #3 HV 


■ 12/20 

A30 PMT #4 HV (LANGLEY ELECTROMETER) + 


12/21 

A31 PMT #5 HV (LANGLEY LED DECOUPLER)+ 


12/22 

A32 PMT #6 HV (LANGLEY HV MONITOR) + 


12/23 

A33 PMT #7 HV* DISPLAY 

GROUP-C 


12/24 

A34 PMT #8 HV* 

15 

12/25 

A35 GAS PRESSURE (TANK A) LOW 

23 

12/26 

A36 GAS PRESSURE (TANK A) HIGH 


*Designates Parameters not required for ClO-1 Flight 
+Not used on Cl 0-2 Flight 

Cl 



Group C 
Continued 


16 

12/27 

A37 

17 

12/28 

A38 

18 

12/29 

A39 

19 

12/30 

A40 

20 

12/31 

A41 

21 

28/1 

A4 2' 

31 

28/2 

A43 

32 

28/3 

A44 


28/4 

A45 


28/5 

A46 


28/6 

A47 


28/7 

A48 


28/8 

A49 


28/9 

A50 


28/10 

A51 


28/11 

A52 


28/12 

A53 

2 

28/13 

A54 

3 

28/14 

A55 

6 

28/15 

A56 

22 

28/16 

A57 


28/17 

A58 


28/18 

A59 


28/19 

A60 

25 

28/20 

A61 


28/21 

A62 


28/22 

A63 


28/23 

A64 


28/24 

A65 


28/25 

A66 

26 

28/26 

A67 


28/27 

A68 


28/28 

A69 

27 

28/29 

A70 

28 

28/30 

A71 

29 

28/31 

A72 


FRAME TEMP L (LAMP MODULE) 

FRAME TEMP 2 (DETECTOR) 

FRAME TEMP 3 

GYRO 2 PITCH 

GYRO 2 ROLL 

FTiA Tfurnace Temp, ' 

MODULE 1 , LAMP A) 

FTIB (TANK TEMP.) 

FTIC (MAGNETRON TUBE TEMP.) Display 

Groiip-D 

FTID* 

FT2A* 

FT2B* 

FT2C* 

FT2D* 

FT3A* 

FT3B* 

FT3C* 

FT3D* 

FT4A* (GAS PRESSURE B LOW) 

FT4B* (GAS PRESSURE B HIGH) 

FT4C* (LAMP BODY TEMP lA) 

FT4D* (LAMP BODY TEMP IB) 

OV CAL 
2.5 V CAL 
5 V CAL 

TEMP. 1 -BATTERY TEMP. 

TEMP. 2-OZONE MONITOR TEMP. 

TEMP 3-OZONE PUMP TEMP. Display 

Group-E 

TEMP 4 CAMERA TEMP 

TEMP 5-SCIENCE TEMP. XMHTER TEMP 
BATTERY HEATER MON. 

BAHERY VOLTAGE 

OZONE MONITOR CURRENT 

OZONE PUMP CURRENT (G.S.B. EXP. I) 

OH EXPERIMENT CURRENT 
BATTERY CURRENT 
Z-AXIS ACCELEROMETER 
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STRATOSPHERIC MEASUREMENTS PROGRAM 
MULTI-SPECIES ANALOG MEASUREMENT LIST/DISPLAY ARRANGEMENT 
DUAL MODULE TELEMETRY ON Cl/ClO-1 (7-28-76) FLIGHT 
DAC WORD/ FRAME PRIME RATE 


A1 Gas FUDUCIAL (Ethane-CpH,) 

A2 GAS 2 FUDUCIAL “ 

A3 REACTION ZONE PRESSURE* 

M ROSEMOUNT PRESS LOW #1 

A5 ROSEMOUNT PRESS MID #2 

A6 GYRO 1 PITCH DISPLAY 

A7 GYRO 1 ROLL GROUP A 

A8 ROSEMOUNT PRESS HI if3 

A9 OZONE CONTROL ELECTROMETER*(AUX CMD MON) 


12/1 

12/2 

12/3 

12/4 

12/5 

12/6 

12/7 

12/8 

12/9 

12/10 

12/11 

12/12 

12/13 

12/14 

12/15 

12/16 

12/17 

12/18 

12/19 

12/20 

12/21 

12/22 

12/23 

12/24 

12/25 

12/26 


SUBCOM 

All VMl (VISIBLE MONITOR, 1) 

A12 VM2 (VISIBLE MONITOR, 2) 

A13 VMIC* 

A14 VMID* 

A15 VM2A* DISPLAY 

A16 VM2B* GROUP-B 

A17 VM2C* 

A18 VM2D* 

A19 VM3A (MAGNETRON MONITOR 1-Cl) 
A20 VM3B (MAGNETRON MONITOR 2-ClO) 
A21 VM3C* Cl DATA 
A22 VM3D* Cl UV MON 
A23 VM4A* C1C DATA 
A24 VM4B* CIO UV MON 
A25 VM4C* 

A26 VM4D* 

A27 PMT #1 HV (FURN TEMP 1) 


A27 PMT #1 HV (FURN TEMP 1) 
A28 PMT #2 HV (FURN TEMP 2) 
A29 PMT #3 HV 
A30 PMT H HV 
A31 PMT #5 HV 

A32 PMT fl6 HV (TAT SIGNALS) 
A33 PMT #7 HV* 


DISPLAY 

GROUP-C 


A34 PMT m HV* 

A35 GAS 1 PRESSURE A (TANK-Ethane) 
A36 GAS 1 PRESSURE B (TANK-Ethane) 


*Designates Parameters not required for Cl/ClO-1 Flight 


C3 



Gt'uup C continued 


16 

12/27 

A37 QAS PRES 2A 


17 

12/28 

A38 GAS PRES 2B 


18 

12/29 

A39 FRAME TEMP 3 (0. PRES 1) 


19 

12/30 

A40 GYRO 2 PITCH ^ 


20 

12/31 

A41 GYRO 2 ROLL 


21 

28/1 

A42 FT1A (CAV”lWTr 


31 

28/2 

A43 {CAV Temp 2) 


32 

28/3 

A44 FT1C (MAG TEMP 1) 

DISPLAY 

GROUP-0 


28/4 

A45 FTID* 



28/5 

A46 FT2A* 



28/6 

A47 FT2B* 



28/7 

A48 FT2C* 



28/8 

A49 FT2D* 



28/9 

A50 FT3A* 



28/10 

A51 FT3B* 



28/ n 

A52 FT3C* 



28/12 

A53 FT3D* 


2 

28/13 

A54 MAG TEMP 2 


3 

28/14 

A55 FT4B* GAS TEMP 1 


6 

28/15 

A56 GAS TEMP 2 


22 

28/16 

A57 FT4D Og PRES 2 



28/17 

A58 OV CAL 



28/18 

A59 2.5 V CAL 



28/19 

A60 5V CAL 


25 

28/20 

A61 TEMP. 1 -BATTERY TEMP. 



28/21 

A62 TEMP. 2-TEMP. 0-> 1 PSI ROSEMOUNT 


28/22 

A63 TEMP 3-TEMP. 0->- 15 PSI 

ROSEMOUNT 




DISPLAY GROUP-E 


28/23 

A64 TEMP 4-OZONE INVERTER TEMP. CAMERA TEMP. 


28/24 

A65 TEMP 5-SCIENCE TEMP. XMITTER TEMP. 


28/25 

A66 BATTERY HEATER MON. 


26 

28/26 

A67 BATTERY VOLTAGE 



28/27 

A68 OZONE MONITOR CURRENT 



28/28 

A69 OZONE PUMP CURRENT 


27 

28/29 

A70 OH EXPERIMENT CURRENT 


28 

28/30 

A71 BATTERY CURRENT 


29 

28/31 

A72 Z-AXIS ACCELEROMETER 
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STRATOSPHERIC MEASUREMENTS PROGRAM 


MULTI-SPECIES ANALOG MEASUREMENT LIST/DISPLAY ARRANGEMENT 
DUAL MODULE TELEMETRY ON C1/C10-2 (10-2-76) FLIGHT 


DAC 

WORD/ FRAME 

PRIME RATE 


1 

9 

A1 Gas 1 FUDUCIAL (Ethane- 

C2H6) 

24 

10 

A2 GAS 2 FUDUCIAL (NO) 


11 

A3 REACTION ZONE PRESSURE* 


13 

A4 ROSEMOUNT PRESS LOW #1 



14 

A5 ROSEMOUNT PRESS MID H2 


4 

15 

A6 GYRO 1 PITCH 

DISPLAY 

5 

16 

A7 GYRO 1 ROLL 

GROUP-A 


25 

A8 ROSEMOUNT PRESS HI #3 


7 

26 

A9 OZONE CONTROL ELECTROMETER* 

8 

27 

A10 TOTAL AIR TEMP. 




SUBCOM 


9 

12/1 

All VMl (VISIBLE MONITOR, 

1) 

10 

12/2 

A12 VM2 (VISIBLE MONITOR, 

2) 


12/3 

A13 VMIC* 


12/4 

A14 (OZ LAMP TEMP) 



12/5 

A15 (OZ CONV TEMP) 



12/6 

A16 (OZ PUMP TEMP) 

DISPLAY 


12/7 

A17 (OZ CURR MON) 

GROUP-B 


12/8 

A18 VM2D* 


11 

12/9 

A19 VM3A (MAGNETRON MONITOR 1-C1) 

12 

12/10 

A20 VM3B (MAGNETRON MONITOR 2-ClO) 


12/11 

A21 VM3C* Cl DATA 



12/12 

A22 VM3D* Cl UV MON 



12/13 

A23 VM4A* CIO DATA 



12/14 

A23 VM4B* CIO UV MON 



12/15 

A25 VM4C* 



12/16 

A26 VM4D* 


13 

12/17 

A27 (FURN TEMP l) 


14 

12/18 

A28 (FURN TEMP 2) 



12/19 

A29 PMT §3 HV 



12/20 

A30 PMT #4 HV 



12/21 

A31 PMT #5 HV 



12/22 

A32 (OZ DIFF PRESS.) 



12/23 

A33 PMT #7 HV* 

DISPLAY 

GROUP-C 


12/24 

A34 PMT #8 HV* 


15 

12/25 

A35 GAS .1 PRESSURE A (TANK-Ethane) 

23 

12/26 

A36 GAS 1 PRESSURE B (TANK-Ethane) 
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♦Designates Parameters not required for Cl/ClO-2 Flight 


Group C continued 


16 


A37 NO pr,rs A 


17 

12/28 

A38 NO PRES B 


18 

12/29 

A39 FRAME TEMP 3 (02 PRES 1) 


19 

12/30 

A40 GYRO 2 PITCH 


20 

12/31 

A41 GYRO 2 ROLL 


21 

28/1 

A43 FT1A (CAV TEMP 1) 


31 

28/2 

A43 {CAV TEMP 2) 


32 

28/3 

A44 FT1C (MAG TEMP 1) 

DISPLAY 

GROUP-D 


28/4 

A45 FT1D* 



28/5 

A46 FT2A* 



28/6 

A47 FT2B* 



28/7 

A48 FT2C* 



28/8 

A49 FT20* 



28/9 

A50 FT3A* 



28/10 

A51 FT3B* 



28/11 

A52 FT3C* 



28/12 

A53 FT30* 


1 1 

28/13 

A54 MAG TEMP 2 


i 

28/14 

A55 FT4B* GAS TEMP 1 


fc) 

28/15 

A56 GAS TEMP 2 


22 

28/16 

A57 FT4D O 2 PRES 2 



28/17 

A58 OV CAL 



28/18 

A59 2.5 V CAL 



28/19 

A60 5 V CAL 


25 

28/20 

A61 TEMP, 1 -BATTERY TEMP. 



28/21 

A62 TEMP. 2-OZONE PUMP TEMP. 


28/22 

A63 TEMP 3- FSIN SKIN TEMP. 

JISPLAY 

GROUP-E 


28/23 

■k64 TEMP 4-OZONE INVERTER TEMP. (CAMERA TEMP) 


28/24 

A65 TEMP 5-SCIENCt TEMP. XMITTER TEMP 


28/25 

A66 BATTERY HEATER MON. 


26 

28/26 

A67 BATTERY VOLTAGE 



28/27 

A68 OZONE OZ PUMP I 



28/28 

A69 MAG 2 I 


27 

28/29 

A70 OH EXPERIMENT CURRENT 


28 

28/30 

A71 BATTERY CURRENT 


29 

28/31 

A72 Z-AXIS ACCELEROMETER 
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STRATOSPHERIC MEASUREMENTS PROGRAM 


MULTI-SPECIES ANALOG MEASUREMENT LIST/DISPLAY ARRANGEMENT 
DUAL MODULE TELEMETRY ON Cl/ClO-3 (12-8-76) FLIGHT 


DAC WORD/FRAME 


PRIME RATE 


1 9 

24 10 

11 

13 

14 

4 15 

5 16 
25 

7 26 


A1 GAS 1 FUDUCIAL (Ethane C 2 H 6 ) 

A2 GAS 2 FUDUCIAL (NO) 

A3 REACTION ZONE PRESSURE* 

A4 ROSEMOUNT PRESS LOW /H 

A5 ROSEMOUNT PRESS MID n 

A6 GYRO 1 PITCH DISPLAY 

A7 GYRO 1 ROLL GROUP A 

A8 ROSEMOUNT PRESS HI #3 

A9 


8 27 


AlO OZONE DIFFERENTIAL PRESS 


SUBCOM 


9 12/1 

10 12/2 
12/3 
12/4 
12/5 
12/6 
12/7 
12/8 

11 12/9 

12 12/10 
12/11 
12/12 
12/13 
12/14 
12/15 
12/16 

13 12/17 

14 12/18 
12/19 
12/20 
12/21 
12/22 
12/23 

12/24 

15 12/25 

23 12/26 


All VMl (VISIBLE MONITOR, 1) 

A12 VM2 (VISIBLE MONITOR, 2) 

A13 VMIC* 

A14 VMIO (OZ. LAMP TEMP) 

A15 VM2A (OZ. CONV.TEMP) DISPLAY 

A16 VM2B (OZ. PUMP TEMP) GROUP-B 

A17 VM2C (OZ. CURRENT MON) 

A18 VM2D 

A19 VM3A (MAGNETRON MONITOR 1-Cl) 

A20 VM3B (MAGNETRON MONITOR 2-ClO) 

A21 VM3C (Cl DATA PMT) 

A22 VM3D (Cl UV PMT) 

A23 VM4A CIO DATA PMT) 

A24 VM4B (CIO UV PMT) 

A25 VM4C* 

A26 VM4D* 

A27 PMT #1 HV FTl 

A28 PMT #2 HV FT2 

A29 PMT #3 HV 

A30 PMT m HV (OZ. CONT. ELEC.) 

A31 PMT m HV (OZ. SAMPLE ELEC.) 

A32 PMT §6 HV (TAT) 

A33 PMT #7 HV* DISPLAY 

GROUP-C 

A34 PMT #8 HV* 

A35 GAS 1 PRESSURE A (TANK- Ethane) 

A36 GAS 1 PRESSURE B (TANK-Ethane) 


*Designates Parameters not required for Cl /CIO Flight 
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Group C continued 


16 

12/27 

A37 

17 

12/28 

A38 

18 

12/29 

A39 

19 

12/30 

A40 

20 

12/31 

A41 

21 

28/1 

A42 

31 

28/2 

A43 

32 

28/3 

A44 


28/4 

A45 


28/5 

A46 


28/6 

A47 


28/7 

A48 


28/8 

A49 


28/9 

ABO 


28/10 

A51 


28/11 

A52 


28/12 

A53 

2 

28/13 

A54 

3 

28/14 

A55 

6 

28/15 

A56 

22 

28/16 

A57 


"28/17 

A58 


28/18 

A59 


28/19 

A60 

25 

28/20 

A61 


28/21 

A62 


28/22 

A63 


28/23 

A64 


28/24 

A65 


28/25 

A 66 

26 

28/26 

A67 


28/27 

A 68 


28/28 

A69 

27 

28/29 

A70 

28 

28/30 

A71 

29 

28/31 

A72 


(NO PRESS A) 

(NO PRESS B 
(Oo PRESS 1) 

GYRO 2 PITCH 
GYRO 2 ROLL 
FHA (CAV TEMP 1) 

GAS 2 PRESS "B" (CAV TEMP 2) 

FTIC GAS if] TEMP (MAG TEMP 1) DISPLAY 

GROUP-D 

FT! D* 

FT2A* 

FT2B* 

FT2C* 

FT2D* 

FT3A* 

FT3B* 

FT3C* 

FT3D* 

(MAG TEMP 2) 

FT4B* (GAS TEMP 1 ) 

(GAS TEMP 2) 

FT4D (0? PRESS 2) 

— 

2.5 V CAL 
5 V CAL 

TEMP. 1 -BATTERY TEMP. 

TEMP. 2 O 3 PUMP BODY TEliP. 

TEMP 3 Oo PUMP Mnrnn tpmh DISPLAY 

GROUP-E 

TEMP 4 (CAMERA TEMP) 

TEMP 5-SCIENCE TEMP. (XMTR TEMP) 
BATTERY HEATER MON. 

BATTERY VOLTAGE 
OZONE MONITOR CURRENT 
MAG 2 CURRENT 
OH EXPERIMENT CURRENT 
BATTERY CURRENT 
Z-AXIS ACCELEROMETER 
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APP ENDIX C DATA R EDU CTION PROGRAMS FOR B ALLOON FLIGHT DATA 


There are four programs for reduction of flight data. These programs 
are set up on a disc pack for use on the Environmental Effects Office 
DEC PDP-11/45 computer. The equipment required to use these programs are: 

(1) 9-track tape drive, (2) line printer, (3) CRT terminal, and (4) card 
reader. Each of the programs uses the CRT terminal for interactive loading 
of titles, telemetry locations, conversion factors, and time periods for 
data readout. The 9- track tape drive is used for the flight data tapes. 

{The original tapes are 7- track and must be converted to 9-track for use 
on the system.) The reduced data appears on the line printer. The card 
reader can be used to input data conversion tables, but this can also be 
done from the CRT terminal. 

The simplest program is NCARRD. It prints out the raw data from the flight 
tapes. It produces a print-out of all of the data in each frame in an 
octal format or as counts. This program is useful for locating data 
in a frame and for determining what data is on a given tape. 

NCAR30 is a general purpose program for printing out up to eight parameters 
as a function of time. The parameters can be converted to engineering units 
by a simple linear conversion or through the use of a datatable using 
Lagrange interpolation. The time resolution time interval of interest 
can be inputed from the CRT terminal. The program averages the data over 
the time resolution value and then converts to engineering units for 
print-out. 
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Page 2 

NCARIO IS for producing profiles of altitude, attitude, and z-axis 
acceleration as a function of time with a 1 sec resolution. The altitudes 
are determined by using a Lagrange interpolation on pressure sensor data. 

The attitude is determined from the pitch and roll reading of a vertical 
reference gyro. The z-axis acceleration is obtained from an accelerometer. 
At the end of the print-out of the profile, an attitude distribution is 
presented. This distribution gives an indication of the parachute stability 
during descent. 

NCAR20 provides a profile of current and power consumption for each flight. 
The currents are determined from various current sensors on the payload. 

They are averaged over the time resolution requested and printed out, 
along with the power consumption in amp-hrs. This program is valuable in 
ascertaining how much of the battery power was actually used during a 
flight. 

The subroutines listed after the programs are used by all four of the 
progrmas. NTRAN reads the data from the tape into memory. CONVER converts 
the data from the format on the data tape into the 16-bit words required 
by the processor. HRMNIT converts the time in hrs, min, and sec into a 
running integer time for processing. ITHRMN performs the reverse process, 
so that the times on the print-out are in hrs, min, and sec. YL6INT 
performs the Lagrange interpolation to convert data into engineering uni'*'s 
using a telemetry table. ORDER is used to set up the telemetry tables in 
the proper order for use with YLGINT. 
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NCARRD PRINTS ENTIRE 30x32 MATRIX 


Dtht.NSUliV ibUFK ni!) , It^Al’&C^faO) , INPUXUO, J2) , ICM)( lf») 

FUUIVAI.PNCK (TOATM 1 ) ,INP"T(t ,1 )) 

ltLa,itaiL+JXiH2 * - 

rvPK 1 

1 F0I'MAT< imif ‘THIS PHUGHAH PHUtMIflFS PRIWT-OUT Of DATA FHOH NCAH DIGI 
ITAI '|AHKy'//4X, 'F.NTf'P PPINT-OtlT OPTIONS S '/»X,M - HFCOHD JllviHKR 
S AM> GPtjOHn fTtAr.f: DATA ONOY'/AX,'2 - OCTAL DUMP OF RFCOkD PLUS TtL 
itMFTPY DATA If* COUNTS '/ HX J - TFLEM^THY DATA IN COIINTS‘1 

TYPE 2 . - - 

I Filpr' AT nilS, ' PHINT-nilT OPTION = ') 

AL'CLPT JfiUPT 
i FOPnAfdl ) 
lYPt A 

4 FORMAHiriO,' FNTFP SIAHT TImF (HH:H«j5C) = *,S) 

ACCtPI b,J.Ult^.i.‘:DfISC - . 
s f orma rn( u, f X ) ) 

CAl L HHMfJiK IHH, 1 '0, ISCjU^U# ITIMI ) 

TYPf »; 

6 FljP’i'ATtlHO, ' EKTFP STOP TIME (HKtMHrSC) s ',£) 

Accfpr s,iHP,i'^N,isr 

CALL HHl'NlTUHtldMN,ISC,0,0,mM21 

'D — 0 

7 rjsi'i-*! 

CAI.l. '■ f RAM { /,(), fHUFF,7 3?, rSTATflflYTK, n 

a irnsTAi) 9, a , 12 
P IFnsrAT.KiJ.-HDrtHITKCS, 19) N 
..iO f-UKFAX C-lX^>-‘ -h LLi. LHaQlLNlEaED AT RtCDHD ',1b) 

Iff ISTAT.KD.-IO) GO TO 100 
rtlUTEC6,ll) ISTAr 

1! FOP'Ml ( IX, 'timriR UN KFAl', COOK = »,0B) 

12 CALL CDNVEHtlLU!EF,lDATA,lGND) 

GALL MRMNlTtlGNiHA), J(ifJD(b),IONI)(S),JGNnn),IGND(H),ITIM) 

IF. Cnii-ULr*LriflU _GQ ED. 2 -- 

13 N=N+1 

CALL MHANI7,0,lDUFF,732,lSTAT,I8YrE,r 

14 IF(ISTAT) lb, 14, 16 

15 IF( lSTAT.EfJ.-10)NHlThCb,10) H 
IFUSl AT.FL.-Hi) GO TO 100 

ib_CALl C(jMVtRilDii£F*lDATA,lGADl .. 

CALL kRMMtC1GnD( 4J , rONn (b ) , IGNIU 6} , IGND(7) , I GND t R) , ITIM) 
lF(mM,GT.ITlM2J GO TO 100 
If t inpT.FD.2) GO in 17 
1F’(10PT,KCJ.3J GO TO 20 
GO TO 22 

. ._17 W1UT£16,I1U iL. .. . 

in FllHMATl IMl , ' HFCI'HD = ',16//) 

WH1TEC6,19) tlDUFFll),l=t,732) 

19 FORMATCluna) 

20 I'iBirtCfa.ai) 

21 MJHMAT(lHl) 

22-.riHI T LXJ:i^.ZS.J- IL, LLGimil3^1Sl^hX^-^ 

23 FORMAT! IX, 'NKCnpt) = ' , 16, lOX, 1615//) 

JFUOPT.EU.l) GO 10 13 

00 24 1=1, J2 

24 V-HlTt.Cb,25) I , (iWPUT 1 0 , 1 ) , J=1 , 30) 

2b FnpMAT(lX,t2,'=' ,4X,30I4) 

...m Tu.ij 

100 CALI EXIT 
FNO 


ftflPRODUGIBELlTy OF THh 
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NCAR30 PRODUCES PROFILES UP TO 8 PARAMETERS AS A FUNCTION OF TIME^ 

ITlT!.K(4<n , ITn I (H,7) , rn r2CH,7) I2) , lOAU(9bO), 

1 IGNOClhJ,lkDt8) irlFRCaj ^OFFCfi) »CONC8J ,INPUTCiO,32) , 

2 IRUi^wOOO) , JGDW(iO) ,X(R) ,Lta) iNPTStH) , 

i IMJU*2W*UAfiiJU2fa*.limLl2),j:ilU25J+PMli2SJL 

IIJTKGER*4 ITim, 1 TIm 2,ITIM3,ITIM4,1TIMS, lTlf^6, IOFLT,NBKC,l. 
KUUiVALEWCE ( IDATAC I ) , INPUTt 1 , U ) 

TVPF I 

1 FORMATCl.-tO, ' THIS PHUGKAH PKflDUCES PROFILES OF JP TO EIGHT PAPAHETK 
1P.SVIX,'AS A Fil^niltM OF TIMF > // 1 X» ' ENTER riTLE. FOR TAHLES {HP TO 

-2H0 CHAHACIFUa AiiJl 5PACEilJ„ s'.l . . . . 

ACCEPT 2, (ITITLEf n , 1=1 ,40) 

2 E0HHATt4OA2) 

TYPE i 

3 EORWATUHO) 

TYPk 4 

. ^4J'OilFJArtlJiS,.!ENlEiL,Nii«tiEiL OE_£AHA!lEIiiHa. TO BE PROCESSED 5 ') 

ACCEPT S,NC0L 
5 FURKAT(ll) 

TYPh 6 

b FimVAT(lHS,'F:rJrER START TIME CHH:MN:SC) s ') 

ACCEPT 7, 111P,1MM,1SC 

„ — 2_.EURMAl{.\li2,lXX3 - - 

CALL rc IMP, IMM, isc,0,0, ITIM) ) 

TYPE B 

fl EllPPATCIHS, 'ENTER STOP TIME CHH;Mf<;sc) = ') 

ACCEPT 7, 1hR,IMN, ISC 

CALI. PROMT ( I HR, IMiJ , T5C , 0 , 0 , 1TIM2 ) 

ITPE 9 .. 

9 FORMATtlHS, 'EMTEH TELEMETRY HIT RATE JN KHZ = ') 

ACCEPT JO, A 

10 FaWMAT(F 10.4) 

OELTS32O0./A 

TYPE n 

'JiNlM riMJi.PEISOLU.TIU.tLJL'i SECONDS. =-.* 1 _ 

ACCEPT 10,H 
lOELTslOOnO.tB 
TYPE 12 

12 FORMATanO, 'ENTER TELEMETRY WORDS WITH KNOwN VALUES FOP USE AS INT 
lERNM. SYNC .sOHDS, ' /IX, 'WHEN ALL SYNC WORDS HAVE HFEN ENTERED, KEY 

2RETlipN. W.ltrtUUr.Ji;NTEKlRG WDHD...'//1X, ' WORD. DATA' ) 

NGf>W=0 

13 NGDwsnGDw+1 

ACCEPT 14, IGDwwDCNfJnw) , JGDwCMGOW) 

14 FUB''ATa2,3X,l4) 

IFaGl)wwO(fiGDw),LE.O) GO TO 15 

— lai .TiLja . 

15 NGPWsNGOW-l 
NCOLlsO 

lf> NCOLl=NCfiLUl 

TYPE 3 

TYPE 17,»Cm.l 

-. ..1.7 J-CKMAIIiti 'iUlIEB. KAIM-JILICE -EIlR-.r.ai.imil JUIMEER ^11 , -ILIP .10 10 CH 
14RACTERS AM' SPACES) s ') 

ACCEPT lH,ariritNCDI 1,1), 1=1, 5) 

18 FtJRMAT(5A2) 

TYPE 19,'lCOLl 

19 FllRMATdH ENTER SUB-TITLE FOR COLOHN NUMBER ',11,' (UP TO 10 CHA 

ACCEPT 18 , m iT2(NC0L1 ,n , I = l,b7 
-TYPE 20. . _ 

20 EURMATHOS, 'ENTER TELEMETRY LOCATION CWD/FR) = ') 

21 K0RMAT(I2,IX,I2) 

TYPE 22 



22 H)HMATMhS,'EHTKK OKfr.SF’T = ') 

ACCEPT n, nEKNCMH) 

I'YPf 23 

23 PC1R«AT( jHi,' ENTEK CUhVEHSlON f ACTOR * ') 

ACrFt'l tO,CtU!lfjni,l ) 

■TYPE ?4 - . , „ , . 

24 ^■rlR^^T( iMii, 'F mTKR IM'FRPniATJaN TAUliK PdR PARA'^BTKR, ' / 1 X , ' IF N) l*> 

nF,RPtl(.AnO'< JS HfcRJOIREO, tMTPR -1 FOR IR VALUE ANf> KEY RETURN.*/ 
/U.'wHKN AM. t)A|A P.IMTS HAVE HFKN ENfERFD, ENTER -1 FOR TM VALUE 
JANO KKY Hfcn)R*J,'//lX,'TM PAR') 

JpISC.Cm.l )=>i 

- 2 h NP 1 SI vC'J! U^k rSl .*C DU 1 + 1 

tFf'.f'r.s((r.jLi j.eu.26) nn to 'ii 

»=ARl.St*iri'I.) ) 

Accn'T 2h, r’-.(iicfu,i , n iPARCNcni.i , n 
/h hiJiiHArc/Hvj.ij 

iKiMtfvC'.it.i , r ) an w 34 

:En* (.jCjm , j ).KU.-i.) an to 27 

'.II III /*) 

i i I PIM r CULl JsMPISlNCm.l ) + l 

3-1 rfr-f'iscr Hit ).K‘D.2»j) un to 27 

l = M>T.‘<(riJui.n 

«FMUK,2b) rit JCHM , J ) ,PARtNCnLl , n 
■UUEU,2b) iHf jriilLl ,1.) ,PARfUCaLt ,U 
IFri'if'Ciil:! , I).Ei),-l . J on TH 27 
.;r,‘ T 33 

27 I.PT.M Lrm.I ;=(ir'T3(r'iCnLl)-l 

IH T’lSt it'Dl.l l.E'J.a) GO TO 31 
l = r.pifi( drill * ) 
fil 30 1=1, J . 

I -II 1 1 1 = 1 A{ -niM , n 
3(1 I'AIU ( l)=PAR(.i:CtJLt ,n 
CAM t WI>KP(T«1 ,PARJ ,.]) 

1)0 3 2 1 = I,J 
H'tMCtit 1 ,1 )=T'ii c n 
32 PAKUCOLl.lJsPAKlO.) 

31 JMi.CDI 1 .(.*• . 'ICDL. HR. 'icnu , OK, R) GJ TO 28 
r.M TD 16 
(;|l 2'^ I=1,mCi1L1 
X( 1 )=I). 

I,( I )=<l 
24 YC U = 0, 

X w K' = (. 

I ll.S=in...11 + tDEI.T 
- I, l.,i-6=u 
I'liJ MkKt: = ’"RI- C + 1 

cam. I tram C 7,0, 1 RUFF ,7 3?, ISTAT, lOVfK, 11 
U)| iKlSrAT). 102,101,106 

102 IF ( ISTAT.EiJ.-lO) WH3 IF 1(1,103) NREC 

103 FilRYATtl A, 'EM! IIF' F'lLt. KNCnilNTEREO AT HECORt) ',16) 

IF (ISTAl.EV.-lO) (,0 Til 300 

rtHirF(6,104) ISTAT 

104 FHRMAK IX, 'ERROR ON READ, CDDF, a ',08) 

105 CALL COLVERI IHUFF ,10AIA.,4X:Nn) 

1F(UH'D(4).GT.2:3.UR.I(;N'0C4).LT.0) GD Tf’ 113 
rF(JfiNn(S).GT.5V.JH.3GND(b).LT.O) 30 TJ 113 
)FCIGMI)(b).GT,5'7,OP.IGND(6).LT.O) CO TD 113 
GO TO US 

113 TYPE U4,lGhD(4),JGNI)(5),rGND(6),IGNl3C7),lGND(e),«REC 
U4 FORfaATUa ..'iiRRmi. UK -GTiUnmO. FJ1A*3E. ' ,1X,5U0/ 

llX,'RECOKi) NUMBER' ,110, • DISREGARDED') 

GO TO IQi. 

Its CONTINUE 

CALL HRFiMTf lG*JD£4L),lGNDC5),iGNDC6),IGHDt7) ,1GNDC8) ,1TIH3) 

JF( ITIMI.LT.tTlMl) GO TO 100 
IFtmM3.GT.inM2) GO TO 300 


HfiPRODUCIBILlTy OF TH; 
'"S/IOINAL PAGE IS POO!l 



Dtl Jf<6 1 = 1,32 
XOELU*DKLT*(l«t:. 

106 inH-un»ITlM3tII KLTl 
on 112 I»l,32 

107 irtiTlM4m.GT.lTIM5) or TO 200 

mi infl J=I ,NG0W 
K3iGDw»auvn 

lOB If-'f l6PUT(K,n,fJK,IG0W(J)) GO TO 112 

109 DU 111 J=1 f.JCOOl 
IF(IFPCJ) .KO.O) <!M TU 110 

■ iF(iFKXj),fDi^n cami-u- - - - 

110 K=JrtD(J) 

)t(J)=X(J)+lNOUT(K, 1 ) 

Ot J1=L(J) + 1 

111 cimrifiuK 

112 CONTINUE 

GQ la loa .. 

200 no 20? jal.NCdOl 
1F(L(J).GT,0) GfJ TO 201 
YC 01=99999. 

GU TO 202 

201 YCJ)=Cim(0)t'f CXCJ)/L,(J) ) -OFF to)) 

...202 CDiitUiUE... - .... ...... 

no 204 J = l,NCtJl,l 

IF(YCJ). 01,99990. 9. UR, MPiaCJJ.EQ.O) GO TO 204 
KsNPTSC J) 

DO 203 Msl.K 
TMl 

.. 2£U-eAKlLHJsEMlU+HJ 

XBARtY(J) 

YU)=YLGIIJTtT»U,PAHl ,K,XBAR, 3) 

204 CONTINUE 
ITIMfa=lTI.»lb-10ELT 

CAlili ITHRMNCIHK, IMN.SEC , 1TIH61 

G£l_lILJ2ILa 

WRITF (b,20b)fITITLECJl ,Jsl ,40) 

205 FaRMATClHl,40A2) 

WR ITEt 6,206) C (TTITI CN,K) ,K = l,5) ,M = 1 ,NCOLt) 

206 FOftMATIlHO, 'CLOCK TIME ' , 4X , B t 2X , 5A2) ) 
WRlTECb,2071 ( t ITIT2(N,K1 , K=1 , 5 ) , 9=1 , NCOLl ) 

207 FOHMAIXIH + ' CHKlMtiiStU ,.AX^R ( 2X^5A2) ) 
t'lRITECb,.)) 

200 WRlTt (6,209) IHR,IMM,SEC,CyCJ),J=l,NCOLl) 

209 KIRMATCIH ,1X, 12, ' : ' ,12, ' ; ' ,Fb.2,B(2X,F10.4)) 
NLI,Nfc:s=NLlNtS+l 

IFfNl tNES.EO. JO) NMMFS=0 

_ DU 210 JslftlCOLl 

XCJ)=0. 

210 LCJ)=0 
ITIM5=mM5+IDELT 
GO ID 107 

300 CALL FXTT 

LUO.. - ._. . . -. 



NCARIO PRODUCE DESCENT PROFILE 

ntMK^SltlN JHUKKtTj?) , inATA(9b0),lNPUT(30,32) ,1GN0( 16) , IGyR[l(2l ) , 

1 J,rui3(a2) , ALHAHC2S)^TMHAH4 2S) ^ALMAR(25) ,TMKAR(25) , 

2 ALLAK(?5) ,TMLAH(2b) ,1GDWH»J)(30),1GOW(30), n XTf.EtAO) 

^ mm3tAu:aC£-xxiiArA.t..u.^U'iPiii£i.^.u.i- .. 

INTbGEH»A ITIM, tTIMl, 1T1MZ,1T1M3,ITIM4, ITlM5,lTlM6,lGYRn,ITlM7, 

1 ITIM8,IIU39 

ryt’K 1 

1 f'llKM/.TdHO,' rni.s HKaGHAfA PRUOUCfclS PROFILES UF ALT 1 1'UDE , A IT tTUDE, A 
t"/f> ACCK(,EHATinA'/l)(,'AS A FUNCTION OF TJMK, i«ITH A 1 REC"IM> RBSIUpU 

- iTim., LT^LSU- aE.TERMmLSl^4X^-LIH£- MTJ-TOIlE.-ai.SXiUBUILX)N IN A GIVEC 
) TU'K INTERVAL'//) 

TVPt. 37 

37 FllRWATl mo, 'ENTER TITLE FOR TABLES (UP TO HO CHARACTERS AND SPACElS 
1 ) - ' ) 

ACCFPr 3H, (ITlJLEm ,1 = ) ,40) 

OB KORMATUuAZX - - - 

TYPE ? 

2 KURS^ATCIHS, ' ENTER START TIME (HB:HN:SC) = ') 

ACCEPT 3,IHR,mN,lSC 

i KlJHMAl C3C12,IX) ) 

CAi.I. hRMNITCIHR, mN , ISC , 0 , 0 , ITIM 1 ) 

. .IJLPE 4 — - - - - 

4 FORMAT! IMS,* ENTER STOP TIME: (HB:MN!SC) = ') 

ACCE-Pi 3, IHH, ImN,ISC 

CAia HHMNITC iMR.iMN, isc,0,0, ITIM2) 

TYPE. 5 

5 EORMATdHS, ' EM'E:« START TIME FOE ATTITUDE DISTRIBUTION (HRIMN! 

ACCEPT i, THP, iMfj, i”c^ 

CALL RkMhirciRH<,lMN,iaC,Q,D,lTlH4) 

TYPE b 

6 FOPpJATClHS, ' EnTER STOP. TIME FOR ATTITUDE DISTRIBUTION (HRlMNiS 

1C) = ' ) 

ACC£PT-3*ihiUTMfUiaC™ .... 

CALL HRMNlTt lriR,lMN,lSC,0,0,ITIM5) 

TYPE 39 

39 EORMATdHS,' ENTER CUT-DClwN TIME (HR;MKISC) = ') 

ACCEPT 3,IHR,1MN,ISC 

CALL HRMWirCiHH, TMN, ISC,0,0,1TIM7) 

.. TYPE 7. . . .... . . . . .. 

1 KOPMATCIHS,' ENrt:R TFLEMFTRY BIT RATE IN KHZ = ') 

ACCEPT a, A 
B FORM ft 7 (El 0.4) 

DELT=32O0./A 
TYPE. 9 

a -FUKHA r ( mo., LERTER ■.TEI.K M EIRY- jiIIIRDS rflTH .JLNQ.iYJl...,V Am£S. FOR USE . AS I NT. 
lEHNAL SYNC rtOROS. ' /I X, 'WHEN ALL SYNC WORDS HAVE BEEN ENTERED, KEY 
2RETURK WlTOUr ENTERING WORD. ' //IX, ' WORD DATA') 

NGnw=0 

1(1 NGDW = NGDW + 1 

ACCEPT 1 1 , IGDWrtDCNGOW) ,lGnW(NGDW) 

ll-EnP.MAJCI2.iX, 141 _.. 

IFdGIiWrtU(NGDw).LE.O) GO TO 12 
GO TO 10 

12 NGI)W=NGDw-l 
TYPE 13 

13 FORMATdHin 

TYPE lA. . . . 

14 FORMATCIHS, 'ENTER TELI'METRY LOCATION UF HIGH ALTITUDF ROSEMOONT CW 

ID/FR) = ') , - 

ACCEJPT 16, IHAHwD, 1HARFR 
lb F0RMAItl2, 1X,12) 
type: 16 

16 FORMAT dri ,'FNTER DATA TABLE FDR HIGH ALTITUDE: R0SE:M0UHT . ' /I X, * ENT 



It K -1 nik VALllfc vHP:n all data POl'<TS HAVK DEKw KM TEKED. ' // 1 X, ' T 
i'" AU ' ) 

"iHAK = 0 

n i,HAH=NHA»^ 1 1 

TO I*) 

ACCEIJ IH, r '^HAPtMiim JdiHARULHAal . - 

iK FllHN AT ( VF H, n 

IE( r^'I'AHt VHAk) , ) OtJ ID 19 

IK rPiAMtMHApj.KH.-i.) GM TO fi6 
GO 10 17 

hG f + 1 

i6 1 KG'HAR.EG.j!,61 GO. TO 19 

At,( H,h7 ) rMHAHCNHAIO , A [,H AR C MH AR ) 

6 7 FiU-^'Al (ZMi), J) 

IK V'nAHt'"HAH) .EO.-l . ) (Hi TO 19 
(.M TJ 66 

]g ,kAi. = i' n«M-i 

CAl.t Lihuth( I MflAK,ALliAR,liHAJ(l 
rvi ) 1 

ItPF Jf' 

'^i. i-m|v,vaimhs, '‘'MTE k I K.I-.'II-. IHT IillCAirjN tlF 'IF.UlOM ALTITUDE ROSfHrmNT 
) ( ' D/rk ) = ' 1 

^ I 16,1 -iARaj), I ''Akk R 
IU‘1- /II 

/: t-ik.AKj.i OAIA TADLK KIR «EOIIM ALTITUDE RtlSHXllJ'' 1’. ' X 1 X , ' E 

i IKk -1 eOH 16 VALUE ^.hi’N ALL DATA POINTS HAVE HEb.N EMTEREH . ' / / 1 X , 

' ( rtl. I ' I 

< ■ A f s ■ I 

2 / f (Iks' « AK + J 

. |H i"-'kk.-'u.2oJ GJ-TO „23 
■■('TK' I 1 k , T "AR r t,MR 1 , Al.f'.AHCNi^AR) 

If I I MARI M Ak ) .K l.-l.l GO TO 2J 
I K I ' .'Ak ( '- Ak ) ,KU.-2, ) GO TO 77 
.!■ in 

/>■. ;■, .'Ak s'. V Ak + 1 

77 .IK . ■■A.k.c.u.^pJ (jjj JO , 

kf At( k,h7 J P'^ARINMAHI , AI.'JIAIU M'^AR ) 

IF(T''"«k( ■ . -'AHJ on Ji) 23 

.;n TO 7k 
?3 I AkScur. AR-l 

i'.'Ai I OR|)Kh( 1 ■r.'Ak,AI.VAH,uMAR) 

Kl-f: ]J 
lYPH >‘1 

24 H.ik.-A I C 1 6S , I E.nER TEI.K«FTHy LOCAIIDM OF LO« ALT/TUdE ROSEMOIINT Cwd 

I /[• k 1 = M 

ACCK’l 16, Iu7\H«'rD, rLAHFR 

ryi k 7 6 

25. fUk'-AlCl'i .'JLiittlk DMA lAHLE -E:0R liOil ALXXIUDE RDSEMUUuT. ' /IX, 'EMIt, 

Ik -1 fik T'* VALut rHFM ALL DATA POINTS HAVE HKEN FnTKHF T> , ' // U , ’ fk 
7 ALT'! 

MjARSli 

26 ".LAksNLAP + 1 
(f(kl.Ak,F(j.?h) r.l) TO 27 

ACCEPl lH,.lMI.AKLD.LA.RI,ALLAHlEiLARI 
IKrTki,A'<fiil.Ak/,f i.-l .) CO TO 27 
IKT .'LAPCiLAH) .f.D.-7, J GO TO 87 
GO TO 2b 
Hh M.AP = NL,AR + 1 
87 iFtNLAh.FO.261 CD TO 27 
. K£AD t aoJbXL C JlLA.R.3 ,, AXJjAHINLA R3 _ . . .. 

IF(TMl.AHCNLAR) .ED.-t ,1 0,0 TO 27 
.... GO in S.6 ... .. 

27 NLARsnLAR-1 

TVPi- 13 
1 ypt 28 

aOTODUUiBn.nv or rn- 
FA.GF 



2H FOHmatOHS, 'ENT tR TFIjEMKTHY IjOCArian l!F GYKD PITCH (HU/PR) = ') 
ACCEPT 15, TGPTftOflGPTFB 
TYPE- 

29 ETIPHATCIH ,'E;NTEK 0FFSE;T-AND CONI/EaSlUM FACTOH FOR CYHO PITCH,') 
TYPE 3 It 

_JLO. FUPHAJLCXHAn,. ... - 

ACCEPT 31,GPTnFE 
Jt EORMATtFlO, )) 

TYPE 32 

32 EUPMATC IHS , 'COiiVERSICJEi FACTOR x ') 
acce:pt 3i,gptcon 

TYPE U - ...... - . 

TYPE 33 

33 FORMA n I HS, 'EM TEH TEl.EfllFTRY LOCATION OF GYRO ROLL C«D/FR) = ') 
ACCEPT l5,lGRL^tJ,IGRLE’R 

TYPE Tl 

41 ETlHMATdH ENTER OFFSET AND CONVERSION FACTOR FOR GYRO KOlil..') 
TYPE 111 

ACCEPT 31,GRLOFF 
TYPE 32 

ACCEPT 3l,GRLCUN 
TYPE 13 
TYPE 3b 

3b FORhATT LHS, 'ENTER TELEMETRY LUCATiOil. OF i-AXlS ACCELRHOMETETR (NU/E 
IH) = ' ) 

ACCEPl 15,liiACi«0,lZACFB 
TYPE Jb 

3b fORMAIClH ENTER OFFSET. AND CONVERSION FACTOR FOR Z-AXIS ACCELERO 

1 meter. ’ 1 

TYPE 3(L. .. 

ACCEPT 31,ZACOFF 
type; 32 

ACCEPT 31,ZACCON 
NPEC=0 

iTiHb=mMi+inooo 

LMAR=0 

LLAR=0 

LGPT=0 

LGRL=0 

LZAC=0 

IRsO - -. . .. 

1P=0 

XriART''=U, 

)(MAPTM = 0. 

XLARTM=0. 

XGPTTM = (J. 

. XGHLT.w=D,.. ... 

XZACT'" = 0. 

XGPTTMsO, 

XGPl.TMaO. 

XZACTMsU. 

DO 4(1 1 = 1 ,21 

AO lGYRUU.)aQ - - . - 

100 rjRFC = NPf:C+l 

CALL NTBANt7,0,naUFF,732,lSTAT,iaYTE,n 

101 IFUSTAT) 102,101,105 

102 ,1 F( 1STAT.e: 0.-10) wRITECb, 103) NREC 

103 FDPmATCIX, •E.i'lD OF FILE; E’NCCIUNTEREO AT RECORD ’,Ib) 

lFClSTAT.EO..-illJ GO TO 300 . . — . . - . . 

NRITFCb,104) ISTAT 

104 FDRMATCIX, 'ERROR ON READ, CODE = ’,08) 

Idb {’ALL rONVE.’RC 18UFF,IDATA,IGND) 

CALL HRMN1TCIGNDC4J , IGND C5 ) , IGND t 6) , IGNDC 7 ) , IGNDt 0 ) , iTlM ) 

IF( n [M.l/r.ITlMl ) GO TO 100 

iF{i riM.iiT.i ri''i 2 ) GO TO 300 



Dn 106 1 = 1,12 

]Dt:i,T=DE:i,r«( ) 
lot* !TlM3U)alTlM+10EbT 
mi 122 1=1,32 

107 lFnTIM3U).C.T. ITIM6) 00 TO 200 

, 

no io« j=i,Mc:t)tv 

KsUillWrtlKJ 1 

lOH IF'ClNPUrCK,n.NE.IGDWCJ)) GO TO 122 
109 irnHAHFK.KO.O) GO TO 1)0 

IF’CIHARFP.Mt:. I) GO TO IJl 

— -VIO XHAHTM=XrtA«TlJU4m3m'UHAJHi«3-r4) ... . ... 

1,HAU=LHAR + 1 

111 IFCIMAWFR.fc'O.Ol GO TO 112 

IF( TMftRKH.NK.l) GO TO 113 

112 XMARTK=XMAUTM+INP»TCIMABWD,I.) 

• [jflAR = bJJAIl + l 

113 4KUtARini,K0.03— CO-m-llJU.. ... . . . _ 

IF(ILARF'R.NE.l) GO TO 115 

114 XLAUTM=XOARTM+INPOTC1IjABWO, T) 

U.AR=LLAH+1 

115 rFCIGPTFR.KO.O) GO TO 116 

IH’nGPTKR.NE. n GO TO 117 

116 XGPIT MiX GP T r A1 *.1 6 POIIUJXIP ImUyt)- 

l,GPT=l.GPT + l 

PITCH=IUPUTUGPT^D, I ) 

1P=1 

117 IFt IGROKK.EU.O) GO TO 118 

IFnGPliF'R.NE. 1) GO TO 119 

■ 118 XGaU'KaXGROl^FXMPOJLXCRUlD.,^.!-.- --- — 

liGRL=LGPlj+l 

ROLL=lNPUT(lGRLiWCi,I) 

IR=1 

119 JFUP.FQ.O.OR.IR.EO.O) GO 'CO 120 

CALL GXHiK PITCH, ROLL, GPTOFF,GPTCON,GRLOFF,GttLCDN, THETA, PH I ) 

IR=0 

iniTlM3(Il ,LT.ITlF.4.UH.IIlMim,GT,ITlH5) GO TO 120 
K=PH1+1 

LF(1C.(;t,20) K=2U 
JGYRUCK1=]GTR0(K1+1 
lGTHUl2U.=IGXR0t2l3+l 

120 IF( IZACFP.EO.Ol GO TO 121 
IFdZACFH.fiE.I ) GO TO 122 

121 XZACTM=XZACTM+I6PUTCIZACW0, I ) 

LZAC=LZAC+1 

122 COLTIfHlF 

GO TO 100 . .. . 

200 IFa,HAR.GT.O) GO TO 201 
XHAH=99.99 

GO 'TO 202 

20 1 XHAK=XHARTM/LHAH 
VH4R=VI,G1FT(TMHAH, ALHAH,NHAP,XHAR,3) 

,2m. JFgiMAii,.GT..aa-GO 1TL_2J13 - . , - . ... . . 

TMAH=99,99 
GO TO 204 

203 XMARsXMARTM/LMAR 

X''AR = YLGINT(T'*«AR,ALHAR,NHAB,XMAR,3) 

204 IFtLIAR.GT.n) GO TO 205 

XLAR?8l9L*99 

GO TO 206 

. 205. JtLAH=XLAH.T.M/LLAR . 

VLARsyiGlNTCTMLAR, ALLAR,NLAR,XLAR,3) 

.. .2Qii IFtLGPT.Gl,.O^AM0.LGHL.GI,.OJLGa TO 2Q7 . 

TGVRn=99.99 C18 

GO TO 20 H 



207 XGP7=XGPTTM/LGPr 
XGkL*JtGHLrM/LGHL 

CALL GVP0(XKPT,XGPL,GPTnf'F,GPTCQM,GRM1FP,GHLC0N,THRTA,XG¥HD) 

2oa iFtLZAc.cr.in ca la 2fl9 
t/.ACsRs.ay 

Gu .ia -21U 

209 VZAC=ZACCO^K ( X2ACTP/LZAC1-ZAC0KF) 

2Ui..inMy=-it)ooo 

1TIM9=1T1 •'9 + XT1M6 

CALL ITHKMNt IHR,IWW,SEC-^IIXH9 5 

lTIMHsrTIM9-ITrM7 

-A=iXXiia. . .. - - -- . .. - - 

KTI M=A/ 1 onoa 

fF(NLlNf:S.GT.lJ) GU Til 212 
WK n K{ 0,21 1 ) nT( TLF(J) ,J = 1 ,40) 

211 KUHKAT(1UI,40A2//' CLOCK ELAPSKD ALTITUDE A 

ITTITUDF ACCKLKRATION'/' TIME TIME HIGH MED L 

20W- tUECL. OFF V£flt. )- .-XCX'-V'' (Hft;ilN.:SC) <SEC) XKM) (K 

3M) CKM)'/) 

212 wRITE{fa,il JJ IMP, IMN,SEC^ETIM,YHAR,VMAK, YLAR,YGyRU,yZAC 

213 FnHMATC2X,13, ' ! • , 1 2 , ' : ' , F5 . 2 , FI 0 .2, 3 CIX , F5 . 2 ) , 7X, F6 . 2 , 9X , Fb . 2 ) 

NLlNfc’,S = MLlLES+l 

lFt^LINEij.FD,3i)) NLlf^KS=0 

LHAR=D. . ... . .. - 

LMAk=0 

LLAPsO 

LGPT=0 

LGKL=0 

LZAC=0 

„ . . .XR&RXM~.a^ _ . . 

XHARTm=0. 

XLARTMaO. 

XGPTTm=0. 

XGPJ TM=0» 

XZACTM=0. 

. LTIMbtiHOUJ) 

Gll TO 107 

300 1FC1GYR0C21 ) .LK,0) GU TO 400 
WRITE (6,301 ) (ITITLECl ), 1=1,40) 

301 FORMATClHl,40A2//lX, 'ATTITUDE DI SIR1B0T13N ' ) 

CALL ITHHMMC IHR,IMn,SEC, ITIM4) 

.. ..-rtJllIE(fc,iQ21JJlR,IMN^^EC 

302 PPHMArClH .'START TIME = ' , I 2 , ' : ' , 12 , ' t * , F5 . 2 ) 

CALL lTHRMfHlhR,lMN,StC,lTIM5) 

WPlTEfb, 303)1 HP, IMt.,SFC 

303 FORMAKlH , 'STOP TIME = ' , 12 , ' S ' , 12, ' ; ' , F5 . 2 ) 

WPITEtb, J04)IGYP0C21) 

. 104- FOPJIATXIH- ,.'.TOmi-JYUJiaE£.JQF-PtllHrS .EQUALS . = '_U7) . 

wHlTF(b, 305) 

305 FURMATCIHC, ' APGLE OISTRIBUTIQN ' //) 

DO 306 1=1,20 

X=1UXP0C1) 

Y=X/lGYPnC21 ) 

... . 

306 wRlTE(6,307) J,Y 

307 FORMATCIH ,2XjI2,12X,F6.41 . 

400 CALL EXIT 

EMU 
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NCAR20 PRODUCES CURRENT AND POWER 

OrMKNSIOM JTI rtiK(40] , lTlTt5,7),inN4(32)#lWD(S» ,nPF(5) , 

1 COMtSJ ,AMPHfltW ,ITITltS^7) ,1BUFF(732J»1DATAC960) , 

2 INPUTC30,32) , IGDWWDC30) ,IGI>W( JU) ,XCIIR(5) ,1<CUR(5) , 

, 3 AapKRUa3*YfliJtLt51*ltlT2XJlUG^lIltlJ£i.UIf’iUSJ. . . 

EOUlVALKNCfc; C JDATACn,INPl)T(l ^1)) 

1NTEGER44 ll'lin, mM2, ITIH3 , ITIM4 ,1HM5, ITlMb, IDELT, LCUR * NHEC 
DATA lTir2/?H A, 2HWP, 2HS. , 2H ,2HAM,2HP-#2HHR/ 

DO 26 1=1,5 
1)0 26 J=1 ,7 

26_im'Ui,.JJ.al_ClI2XJJ._. -- - . - — 

TYPE 1 

1 FORMAT! IHO, ' IHIS PROGRAM PRODUCES PROFILES OF CURRENT AND PUnER'/ 
nX.'AS A FUNC7I0N OF T IMF '// IX ENTER TITLE FOR TABLES CUP TO «0 C 
2HARACTERS AMD SPACES! - *) 

ACCEPT 2,CiriTLECn,I=l ,40) 

2 FilHFiA’UAllAii .. — . - 

TYPI- 3 

3 FUKMAIClriO) 

TYPE 4 

4 FORMATC I IIS, 'NUMBER OF CURRENTS TO BE CALCULATED = ') 

ACCEPT 5,NC0L 

. 5 FOHHAXUU ... ... - . . 

TYPF h 

6 FURf^Al'ClHS, 'EwTER STAPT TIME tHR:.MM!SC) = *) 

ACCl-PT 7,IHR, IMNjISC 

7 FOR^'Ar(3a2,lXl) 

CALI. HRMMTt IHR,1MN, ISC,0,0,TT1M1) 

B fOPMATClhS, 'F imTER STOP TI MR '(HR : MN ! SC ) = ') 

ACCEPT 7,IHR,H'r^,lSC 

CALL HRMijirUHR.lMN, 1SC,0,0,ITIM2) 

TYPE 9 

9 FORMATtlHS, 'ENTER TELEMETRY BIT RATE IN KHZ = ') 

.. . Accy>T..io,,A . 

10 rORMAT(Fl<).4) 
nELT=J200./'j^ 

TYPE 11 

J1 FORMATCIHS, ' ENTER THE RESOLUTION IN SECONDS = ') 

ACCEPT 10,H 

lDELI=10.Qil.0^*J) . .. 

TYPE 12 

12 f UR' ATCIHO, 'ENTER TELEMETRY WORDS WITH KNOWN VALUES FOR USE AS INT 
lERNAL SYNC WORDS. ' /IX, ' WHEN ALL SYNC WORDS HAVE BEEN ENTERED, K:’Y 
2RET!lRn WITHOUT ENTERING WORD. ‘ // 1 X, ' WORD DATA') 

NGUW=0 

13.JiGDW.= NGli»>'tl . 

ACCEPT 14,lGDwwnCNGPW) ,IGDW(NGDW) 

14 FQRMATC12,3X,14J 

IF( IGllwWD(NCiOw) .l,K.O) GO TO 15 
GO TO 13 

15 nGDWsNGDW-1 

NrfJLL=Q _ . 

16 i>icnLi=NcrjLi + i 
TYPE 3 

TYPE 17,nC0L.I 

17 FOREATClH , 'ENTER TITLE FOR COLUMN NUMBER ’,11,’ CUP TO 14 CHARACT 
IFRS) =') 

... -ACCLP1-. JJl..lLIXlfiU:r.lLl.. 1 J xJ=X,.7 1 

IH FORMATC 7 A2) 

..TYPE 19 . 

19 KOR'-'ATnHS, 'ENTER TELEMETRY LOCATION CWD/FRJ =') 

.. ACCEPT 20,lwDCMCTlLlX,Ii’RCNCQLll 

20 FORMATC 12, IX, 12) 

TYPE 21 

BfiPRODUGiBILlTy ^ 

01B1M3IJNAL PAGE IS P-. 



21 KilRHAK IHS» ‘KNTKH OFK.SEr C) 

ACCEPT 10,aEECNCaLn 

TYPE 22 

22 EUU‘^AT(tJl$,*eMTEK COtuVEKSlON FACTOR s') 

ACCEPT U),CON(NCOm 

y O F ^ ^ ^ ... - 

23 Fl.1RMAT( IMS* 'ENTER PD^hKH CONSUMPTION UP TO .START TIME IM AMP-HRS 
1) 

ACCEPT 10,AMPHR(NCUIin 

lFCNCOU.Ka.riiCi}L.OR.NCDM.EO,5) SO TO 24 
GO TCI 16 

.24 NRECsO 

I riMbriTIMl + iOEtiT 
00 25 l = l,NCOl.l 
XClIHt n=i), 

VCUKC I)sO, 
i.CIIKC I )=0 

25 AMPHRUDsAHPHRU) 

M,INES=(> 

100 NRKC=NKKC+1 

CAIO. MTRAN(7,n, iBtlFF ,732,ISTAT,I0YTE, 1 ) 

101 IFCISTAT) 102,101,105 

102 IE( ISTAT.K(J.-IO) ^RITE(6,inj) NREC 

- LXX3 FORMAT UX, 'tWU UK FILE- t.NCOUUXEHEO AT RECORD ’,16) 

IFCiSTAT.EO.-Hn GO TO 300 
WRJTFt6, 104)1.51 AT 

104 FOR^ATC IX, ' EHROP ON READ, CODE = '.08) 

105 CALL COlVEHUBUFF.lUATAflGND) . 

CALL HRMNITC1GNIK4) , IGNDC 5 ) , I GNDC 6) , IGNOI 7 ) , IGND t 8 ) , ITIH3) 

XFCXIIM3.4.iU.llI.Mil- CO .IQ--LaO. 

IF(rTIM3.GT.ITlM2) GO TO 300 
DO 106 1=1,32 
TPELTl=f)ELT4(l-l) 

106 1T1M4C1)=111M34-10ELT1 
DO 112 1=1 ,32 

- .J.07. IFCXllM4m-GI*XriM3). GClJCa 200- 

IFCNGDW.EO.OJ GO TO 109 
00 108 J=l,NGl)W 
K = lGDF.wl)( J) 

108 IFCIHPIITCK, 1 J .NE.IGDVi( J) ) GD TO 112 

109 lUi 111 J=l,<COf,| 

- . IF CiFK(J).ELUO) GC^ID Ua - 

1F( [FR(J),WF.1 J GO TO 111 

no Ksiwocj) 

XC01'CJ]=XCUH(J) + 1NP0T(K, 1) 

1.CIJR(J)=LCUH(J) + 1 
111 CONTINUE 

-112 continue . - . 

GO TO 100 

200 1)0 201 J=1,NC0L1 
IFa,CUR(J),tO.O) GO TO 201 
YCURCJ)=CUNlJJ»t (XCUR(J)/LCURCJ))-3FF(J) ) 

201 continkf: 

_ . DU 202- J=l.,ilCOLl . . . 

20 2 AMPHPl (J)=AMPHR1 t J ) + C YCUR C J ) »R ) /360 0 . 

ITIMOrlTI-MS-IDELT 

CALL nnRMN(lHR, imn,sf:c,ittm6) 

IF(NL1NES.GT,0) GO U) 206 
rtRITEC6,203) ( ITITLE(J) ,J=1 ,40) 

202-F0HJdAXUHl,40JX2J . , . 

«R1TKC6,204) (( IT1TCN,K),K=1 ,7) ,N = 1,NC0L1) 

204 FDRMa:c1H0, 'CLOCK TIME' ,4X, SOX, 7A2)) 

V*RITF(b,20b)(UriTl tN,K) ,K = 1 ,7 ) , N = 1 ,NCDL1 ) 

205 FORMATCIH , ' (HE : MN ; SCl-1 , 3X, 5 1 3X, 7 A2) ) 

NR1TEC6,3) 

206 riRlTFl6,207 ) IHR, IMn , gEC , (YCURC J) , AMPHRl t J ) , J=1 , NCOLl ) 



207 KDMMAUIH ,1X,12, ' i * *12, ' : ' ,f'5.2,b{3X,2K7,2) ) 
NLlNESsNUiNtS+l 
IFCNMNt'S.ej.lO) NMNKS*0 
nn 20B j»i,NCOi.i 
XCllKCJJaO, 

2oa-.LaiRuasa, . - — — 

ITTMbalTlMS+IOE LT 
GO U) 107 
JOO CAl.l, KXIT 
e;ni) 
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SUBROUTINES USED BY ALL 3 MAIN PROGRAMS 

SiihKOnnvK IHR, IMN, ISC, ISCl , ISC2, ITIm) 

INrKiifc.rtM inn,lHKl ,JMNUiSCl,lSCU,lSC21 
iHMal HH 

LMJSilslMU. . , , ... , . 

ISC 1 = 1. SC 
ISCllslSCl 

ificii =rsc2 

I riMsIHKl ♦JbUUUXlOU + XMMtbQOOOQ + lSCH'lOOOOtlSCl l»100tlSC21 
i.NU . 



Si.hM'ili) I II 

nl'iKuSIlj i X( 1 ) , K(1 J 

V 35 ^ ** I 

i>u l 
L-'J“ J 

IHI 1 1 = 1 , 1 , 

ll (XCI ) ,lT,Xt IH n U(l TO 1 
A=Xl I ) 

K( l) = xt i + n 
xC i + n=A 
A=y t n 
K n = y(iH ) 
a I H i=A 

1 "HMiMip; 
iM' 

)• ’ I) 



t> l> O Ci t> CJ Cl Cl Cl Cl 


SUt^HOUTlNf CtiNVt:R( IDATAflGNR) 

[HIS SUHHtlliriUK CUMVKMTS DATA FHDM THK NCAH PPP-U PORMAr TH 
. ^.A Ffifl>^Ai iiaifiG.ifartux- Hoatia>- , . . 

iHUht - IHPUT ftBRASf USlfiG NCAR FORMAT 

IDATA - OUTPliT ARRAY CONTAINt»«a rELEMKTHY DATA 

ifiWD * llUTPUi ARRAY CONTAINING GROUND FRAME INFORMATION 

THE UAXA IS HAi:iOLtUl-IN liuJUURa CHtmCKS. 

IJiMENSJOfi IbUFFC 7J2) ,IDATA(*>60) , ICNOUS) 

K=0 
DU 1 
K=K + t 

IDA lAtAJsIANDI laHI’i ( IbUFi' U. I , -4 ) , X023 ) 

K=K+1 

M=lANDUKHFraHUFF(Xl ,a),1023) 

N = lSUFr( [Rl)FKUD,-hJ 
IUATA{K) = IC!RCM,N) 

N = K + 1 

MslAl4ti( ISHl-Tf IBUFF(LH),4) ,1023) 

NslSHF mHtrFFU+2),-12) 

IDATA(K) = lf)RCM|iO 
K = K+ 1 

lDAlAlK) = lANUt lRUFFCl+2) 1 1023) 

1 cinri.ujF 

AS =0 . , _ 

1)1) ? 1=72) ,7 )<), J 

K = H + 1 

'■'slSHFrnh IFFC I ) ,•l<))-4R 
NslANUdSlin’ClhUFFCI) ,-4),63)-46 
IGNr)CK) = 10»M + N 

A=K +1 . . 

J=T ANOnSHFl C IRUFFCI ) ,2) ,t>3) 

^<=I(JRUbHFTCIBUFFCl+U ,-14) ,J)-40 
i'lslANOl JSHFTl IhUFF( 1 + 1 ) ,-B) ,63)-40 
1GNUCK)=1U+M+M 
K=K + ) 

«=iANU(lSHt rCltl UEFJ.i+1) , -23 ,631.-46 
jslAHH IShFrCJBliFFU + l),4 ,63) 

A = 10RUS.lFrClBUtFa + 2J ,-12), J)-4B 
IGl'.Dl K ) = 1 0 + m + M 
K = K + 1 

H=IAM)nSHFTClBitF)' 1 1+2) ,-6) ,63)-4H 

N=lANDtlriUFFU+2),611.5-4H .. . _ 

JGNUtK)=10+M + rj 

2 CfJMlNtJF. 

MFTURF 

ENU 
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Flir.n Jtih yi.RlN rtx, v,t ,XtXAP,HPTS) 

I.ACPAMUK I'‘:TKMP01.A1IIUi SUBHmtTIMK. 

X - ii.UtPEIl^LttWT VAiilAJiLt 

Y - I'KPP.'gDI- NT vAHlAni.F 

np PiUNTli IN TAHLF 
YPHh - 1.' rtHt’Ml A r VlN POINT 

..I'l.S - vii'itiPM IJK POIi-IS USKt) IN INIKPPJLATIUN 
XlUfYtll 

1F( ' PIK.RT , I , Ai<n,NpT,S.|.T,Nl G(1 TD 2 
M'lft = N 
I ,lt,= l 
JHsf-PTS 

t:n 10 'i 

i IJII i JHslrN 

lP(YMAt<-YUH ) J 4,12,i 

3 cm 1 1 'iiip 

4 .lM = h 
..IL=N-I PTS + 1 
()M lU N 

‘3 JI.SJH 

l ^2 = A( JH )-Xi»A« 
h 

I '■ ( ii .LK. n ;o M 1 

' I !• I I + 1 ,H J.NPrS) (|(l TM fl 

IP I .x*',.H-X(JL-n,Lr.U21 GO TU b . 

'> 1 = ♦ 1 

IP 1 I' .ii! . I ')'i in 4 
' / = X ( , 1 >' '-X <AK 
.1 ||! P 

lb UL..GI .l..MiLi.xaAK.-XCJU-i) .UT.D2) INUCT:!-! 

IP (.ill. M .N. A ri. x( jrt+n-xBAp.i.r.nn inoctsi 
ii.=ji + ifiicr 

JHS.JM+ I iiHi:T 

'j 1 = 1 ). 

Oil 11 p= n.,,.:i 
b t- i.iu=l. 

Ull 1 I.' J= II,, Jli 

lprK.t.o..n f I I'-i 111 
Phl'li = PHl!|i+t XMAP-X( J) )/(XCK)-X(J)) 
lU Ci'Ml iiih, 

Vi fll.-.-iryt t;ti.T + Y( ^UPPl)D 

IJ ■Cl)'-. ri-NE. 

H '[ I ■ P 

12 YLC.1I' 1 = Y1 JM) 

pf I’lipi'. 

K'ii; 
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suBpmj rrNK [thhmnc ihp, imn,skc, ittm) 
lNTt;£it;H»4 XtiMflllHl 
IHR = ]TIM/J60000i>u 

MTM-.-=lTTM- rHH*.A htlOn(Jnn 

IMNsl nMl/600Ut(0 
ITlMlaiTlMl^lMNtbOUQUO 
SKC = niMl/HI 000, 

HE'iURM . . . - 

[■ i'lP 
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Type of Equipment 


Flight NCAR Flight # 
Launch Date 


1st Chlorine Oxide (ClO-l) 
Measurement (Cl 0-Aerosol -1) 


7 95A-P 

4-4-76 


%1-P 

5-2-76 


Parachute test flight (14 m 
diameter guide surface and 
16.75m diameter cross parachute 


965-P 

5-5-76 


2nd Chlorine Oxide (ClG-2) 
Measurement (ClO/grab sample-2) 


10 977-P 

7-28-76 


1st Atomic Chlorine/ Chlorine 
Oxide (Cl/ Cl 0-1) Measurement 
(Cl/ClO-1) 


11 990-P 

10-2-76 


2nd Atomic Chlorine'' Chlorine 
Oxide (C1/C10-2) Measurement 
{CI/CIO/O 3 ) 


3rd Atomic Chlorine' Chlorine 
Oxide (Cl/ClO-3) Ozone 0- 
total air temp. (TAT) ^ 


*A11 digi^ il are 7 track odd purity with 800 BPI densi 


O 

OD 


DIGITAL TAPES (PCM TELEMETRY DATA) FOR BALLOON 
APRIL, 1976 TO DECB4BER, 1976 


Manufacturer's Tape 
Number 


Phase 


Time Interval 


62353461124 Ascent Tape 1 
62353450123 " " 2 
62353443302 " " 3 
62353443010 " " 4 
62353443323 Descent " 5 


1100881077 Ascent Tape 1 

1100831081 " " 2 

1100885C9U " ■■ 3 

110881083 " " 4 

25E-3200FC1-9TR-A5 Descent “ 5 

174766102 Ascent Tape 1 

114772117 " " 2 

7607221 " '• 3 

114766104 Descent " 4 


114772094 Ascent 9:34-10:47 
7607215 " 10:48-12:00 
114772103 " 72:01-12:39 
114771120 Descent 12:40- 


7607626 

7607256 

114773076 

7299340 


Ascent 7:45-8:59 

" 8:59-10:15 

" 10:17-11:34 

Descent 11:35-12:40 


117565011 

7780411 

117592058 

11759206? 


Ascent 8:11-9:25 

” 9:25-10:38 

" 10:38-11:45 

Descent 11:45-12:17 


RESEARCH FLIGHTS CONDUCTED FROM 
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PHOTOGRAPHIC COVERAGE 



APPENDIX D 


PHOTOGRAPHIC DOCUMENTATION FOR BALLOON OBSERVATION OF STRATOSPHERIC SPECIES APRIL 1976 THROUGH DEC 1976 


FLIGHT 

NCAR FLIGHT 
NUMBER AND 
LAUNCH DATE 

TYPE OF MEASUREMENTS 

STILL FRAME NUMBERS 

NASA- JSC MOTION PICTURE 
FILE ROLL NUMBERS 

7 

954-P 

First Chlorine Oxide 

S76-24266 thru 

S76-037* 


4-4-76 

(Cl 0-1) 

S7624306 


8 

961 -P 

Parachute Test Flight 

S76-24855 thru 

S76-044 


5-2-76 


S76-24872 

S76-045 

9 

965-P 

Second Chlorine Oxide 

S76-25175 thru 

S76-046 


5-15-76 

(Cl 0-2) 

S76-25181 


10 

977-P 

First Atomic Chlorine/ 

S76-27804 thru 

S76-058 


7-28-76 

Chlorine Oxide (Cl /Cl 0-1) 

S76-27816 


11 

990-P 

Second Atomic Chlorine/ 

S76-29705 thru 

S76-077 


10-2-76 

Chlorine Oxide (Cl/ClO-2) 

S76- 29725 

S76-078 

12 

1001-P 

Third Atomic Chlorine/ 

S76-33224 thru 

S76-087 


12-8-76 

Chlorine Oxide (Cl /Cl 0-3) 

S76-33237 

' ! 


*Pad abort (4-1-76) Movie coverage on 576-036 
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FREE CHLORINE IN THE STRATOSPHERE: 
AN IN SITU STUDY OF Cl AND CIO 


J, G. Anderson 
J. J. Margltan 
D, H. Stedman 


Space Physics Research Laboratory 
Department of Atmospheric and Oceanic Science 
University of Michigan 


February 19, 1977 



A. Introduction 


An appreciation for the importance of chlorine containing compounds in 
the earth's stratosphere is a relatively new development following an evolution 
of upper atmospheric oxygen-hydrogen-nitrogen photochemical theory extending 
over several decades (1, 2, 3, 4, 5, 6). During this period the importance of 
ozone as the scle atmospheric constituent capable of screening the earth's 
surface from hannful near ultraviolet solar radiation and the vulnerability of 
the ozone shield to photochemical perturbations resulting from man's activities 
became clearly understood. In 1974, a number of research groups identified 
chlorine as a potentially important stratospheric photochemical constituent 
(7, S, 9, 10) and discussed the effect of various chlorine sources upon the 
global ozone budget. 

The greatest potential threat to ozone now appears to be that suggested by 
Molina and Rowland (8) who first related the ubiquitous presence of chlorofluoromethanes 
in the troposphere, reported by Lovelock (11) , to gas phase catalytic destruction 
of ozone in the stratosphere following the photolytic release of free chlorine 
from the parent molecules, principally CFCl^ and CF2Cl2i i" the middle and upper 
stratosphere resulting from exposure to solar ultraviolet radiation. The most 
probable fate of the chlorine atom thus formed is reaction with ozone 

Cl + O3 CIO + O2 [1] 

forming the chlorine monoxide radical which then reacts principally either with 
atomic oxygen 


CIO + 0 



C1 + 02 


[?.] 


or with nitric oxide 


CIO + NO -—> Cl •{ 


[3] 


El 



to reform atomic chlorine. Reactions [1] - [3] are rapid blmolecular reactions 
which have been studied extensively In the laboratory (12, 13, 14) and are now 
well understood. The first two constitute a catalytic chain which recombines 
an oxygen atom and an ozone molecule , hereafter collectively termed "odd oxygon," 
into molecular oxygen thereby enhancing the rate of ozone destruction. 

In evaluating the quantitative importance of chlorine upon the global 
ozone budget, it is of interest to determine the concentration of both species 
as a function of altitude throughout the region in which atmospheric ozone Is 
controlled by local photochemistry (25-45 kilometers) . We report here the 
results of three iji situ experiments which determined simultaneously the con- 
centrations of Cl and CIO in the stratosphere o\'cr the altitude range of Interest. 
A discussion of the resonance fluorescence detection technique used for this 
study, which has been employed previously to determine the stratospheric con- 
centrations of atomic oxygen and hydroxyl, appears elsewhere (15, 16) so that 
only a brief overview of the experimental method Is given, dealing primarily with 
those aspects of the technique unique to chlorine. 

B. Experimental 

In general, atoms and diatomic molecules possess allowed transitions 
between bound electronic states separated in energy by 3-15 eV corresponding 
to the vacuum and near ultraviolet spectral regions. Their resonance absorption 
and subsequent spontaneous isotropic rcemlssion of photons provides a signature 
indicating their presence in the gas phase at concentrations extending down to 
a part per trillion. In order to detect the atom or molecule, a beam of photons, 
resonant in energy with a selected transition of that species, is passed through 


E2 



the sample gas am* photons, resonantly scattered from the beam, are counted by a 
photomultiplier tube - pulse detection system. The number of photons resonantly 
scattered from the beam per unit time, in the absence of reabsorption, is propor- 
tional to the concentration of scattering centers within the beam. 

For the in situ sampling of atoms and free radicals in the stratosphere, the 
photon source beam, formed by collimating the output from a low pressure (~2 torr) 
plasma discharge lamp, and the observation direction of the fluorescent photon 
detector are arranged such that they are mutually perpendicular to a high 
velocity (~100 m/sec) flow of stratospheric air. The air sample flow, which 
passes through the interior of a hollow, aerodynamlcally shaped pod or nacelle 
shown in Figure 1, is created by lowering the device through the atmosphere on a 
stabilized parachute dropped from a balloon near the stratopause. The instrument 
shape and dimensions (length 100 cm, o.d. 35 cm, l.d. 15 cm) were selected to 
(a) contain the flow so chat chemical conversion can be effected within the sample 
by the addition of a reactant gas at the Instrument throat; (b) optically Isolate 
the photon detectors from background atmospheric radiation; (c) maintain laminar 
flow through the instrumei t and (d) eliminate wall removal of the atoms or 
radicals within the "measurement volume," defined by the intersection of the 
beam and the field of view of the detector, at the axis of the flow. 

Bl. Atomic Chlorine 

The vacuum ultraviolet spectrum of atomic chlorine is dominated by three 

2 

major multiplets involving the P ground state which are represented by the 
energ: level diagram shown in Figure 2. Figure 3 presents a high resolution 
spectrum of the photon source, or "lamp," used to induce Cl atom fluorescence, 
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showing each of the resonance lines from 1189A to 1396A. Because moli>:.u .U-r 


oxygen absorbs strongly at the wavelengths of all Cl atomic transitions except 
2 2 o 

the " P 3/2 a cell containing Oj is placed between the 

lamp and the measurement volume so that only those photons resonant In energy 
2 2 

with the “ P 3/2 transition of Cl, as shown in Figure 4, traverse the 

atmospheric sample. Thus atmospheric attenuation within the sample is eliminated 


and scattered light within the instrument, which contributes tc the background 
count rate (determined in the absence of Cl atom fluorescence) , is reduced by 


nearly an order of magnitude as are any secondary emission processes. The 
residual photon count rate resulting from sources other than chlorine atom 
fluorescence is periodically checked during the flight by adding ethane (C.H.,) 
(which reacts rapidly with chlorine atoms) to the entrance thoat of the 


Instrument in order to eliminate them from the atmospheric vi.'.pie. The gas 
addition sequence is a continuously cycled 4 step series; (i) a fixed flow 

of 5 scc/sec is maintained for 1.5 seconds, (2) gas flow is te.'minatcd for 1.5 
seconds, (3) a C 2 Hg flow of 20 scc/sec Is maintained for 1.5 seconds and (4) 
the gas flow is terminated for 1.5 seconds. Thus the atomic chlorine flight 
data consist of differences in the photon count rate in the absence and presence 
of chlorine atoms in the stratospheric sample. The data are checked for con- 


tributions to the count rate resulting from the presence of ethane by analyzing 
the dependence of the background count rate on ethane concentration. 


52. Chlorine Monoxide 


The spectroscopy of CIO lias been the subject of considerable study in 

recent years (17, 18) and although the molecule possesses an allowed transition 
2 2 

from the X II ground state to the A II excited state in a convenient spectral 

O 

region (2700-3000A) , the A state predissociates, eliminating direct molecular 


E4 



resonance fluorescence aa a useful stratospheric measurement technique. 

However, the rapid blmolccular reaction between NO and CIO, reaction [3] 
above, provides a convenient means for converting chlorine monoxide to atomic 
chlorine by adding nitric oxide to the inftrument throat and detecting the 

O 

product Cl atom by resonance fluorescence at 1189A. A gas addition system 
similar to that used to add ethane in the Cl atom experiment in programmed as 
follows; (1) a fixed NO flow of 8 scc/sec is added for Z.Q secntKlG, (2) gas 
is terminated for 0.5 seconds, (3) a fixed NO flow of ^8 scc/sec is added for 
2.0 seconds and (A) the gas flow is terminated for 1.5 seconds. As in the 
case of the gas addition cycle Is Initiated when the instrument package 

is dropped from the balloon and repeated continuously during descent. Flow 
rates are selected such that at the low flow rate the conversion from CIO to 
Cl is complete within the time required for the sample to traverse the. distance 
between the gas loop Injector and the optical axis so that any difference in 
the observed fluorescence signal between the two NO injection rates must result 
from the presence of NO alone. 

Although, in principle, a single instrument could be used to detect both 
Cl and CIO by alternately adding C„H, and NO, in practice, two separate 
detection nacelles are used, mounted approximately a meter apart on a common 
support frame suspended below the parachute as shown in Figure 5. For the CIU 
experiment, the amount of NO is Insufficient to affect the ambient Cl concen- 
tration so that even if the ratio of [Cl] to [CIO] were appreciable, which it 
is not, the CIO concentration would still be simply proportional to the 
difference in the photon count rates in the absence and presence of NO. 
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B3, Callbratloa 


The absolute calibration Is identical for both Inatruraents. 

The photon count rate, S, recorded by the detector for a given chlorine 
atom concentration, [Cl] , can be expressed in simplified form as 


S » [Cl] F ^eTnf V 


r^] 


where F is the resonant photon flux at 1189A, including transmission losses 

2 2 

in the lamp optical system, is the “ ^3/2 absorption cross 

section of atomic chlorine, e is the collection efficiency of the detector, 

T is the transmission of the detection optics, T] is the phototube quantum 
efficiency and V is the volume of the measurement region defined by the inter- 
section of the lamp beam and the field of view of the detector. For a given 
chlorine atom concentration, [Cl], and the photon flux, F, all quantities on 
the right hand side of Equation [4] are constants so that the relationship 
between S and [Cl] can be expressed as a proportionality factor C(F) which, 
for a given Instrumental geometry, is a function only of the lamp flux and 
temperature and can be written 


C(F) = F a 


eTn> V. 


The flight instrument is calibrated by determining C(F) as a function of F in 
the laboratory, using a fast flow reactor (15, 16) capable of providing a 
known concentration of chlorine atoms in the appropriate pressure regime. 
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A known CL atom concentration 1b established In the laboratory by using 

Oj to convert Cl, formed In the microwave discharge of a Cl 2 /He mixture, to 

CIO via reaction [1]. The 0^ Is promlxed with Cl before the discharged mixture 

is introduced into the main reaction zone, upstream of the instrument throot in 

the fast flow calibration facility, in order to Insure that the Cl to CIO 

13 

conversion is complete. Typically, after reaction, [CIO] '-1 x 10 cm and 
[O3] ~1 X 10^^ cm"^. 

Nitric oxide is then added ~10 cm upstream of the optical detection axis 
of the lnstrii3tjnt in concentrations ranging from 10^^ - 10^^ era ^ so that, by 
Reaction [3], one Cl atom is formed for each added NO molecule. The one to one 
correspondence between the NO added and the Cl formed is strictly true only in 
the limit of diminishingly small [0^] because the Cl formed in Reaction [3] 
reacts with the residual 0^ from reaction [1]. Under conditions appropriate to 
this calibration the atomic chlorine concentration is related to the added 
nitric oxide concentration [NO]^ by the expression 


k^IClOl 


exp(-k^tCl0]t) - exp(-kj^[0^]t) 


which shows that [Cl] — 0.8 [NO]^ for t ** 10 msec. The growth of Cl In the 
formation step, Reaction [3], and Its subsequent decay, by Reaction [1], in 
the instrument throat is directly verified during the calibration step by 
adding NO to the flow at varying positions by means of a sliding injector. 

A major simplification is achieved by calibrating the instrument in the 
identical configuration used during the atmospheric measurement so that all 
geometric quantities contained in C(F) remain invariant between calibration 
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and flight. During setup and test of the Instruments In the laboratory fast 
flow facllltyi the dependence of C(F) upon (a) total gaa sample pressure, 

(b) resonance lamp temperature, chlorine content and photon flux, F, and 

(c) the kinetics of Cl atom formation used In the calibration, is studied. 

In addition, the response of the Instruments to ethane and nitric oxide in 
the absence of Cl art' CIO is examined. Wlille the amount of ethane required 

to eliminate Cl atoms from the atmospheric sample does not affect the detector 
count rate, care must be taken In the case of nitric oxide addition. An 
Ascaritc trapping system, included as an integral part uf the gas addition 
system of the CIO instrument, is used to eliminate the higher oxides of 
nitrogen, wh.,f.h enhance fluorescence longward of lAOOA in the presence of 
1189A radiation, from the NO injected into the Instrument throat. 

A second precaution in the CIO experiment is the use of an interference 
filter in series with the photomultiplier tube which limits the detector 

O 

response to the wavelength region between 1150 and 1400A, thus suppressing 
any measurable contribution to the count rate in the presence of NO and 
the absence of CIO (lt)>. 
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C> Results anti Discussion 


Three simultaneous observations of Cl and CIO have been performed; the 
first on 28 July 1976 at 12J00N CDT (local solar zenith angle x “ 16*) » the 
second on 2 October 1976 at 12:15 PM CDT (x 30®), and the third on 8 December 
1976 at 12;00N CST (x “ 55*). In all cases a 1.5 x lO^ft^ helium balloon, 
launched at dawn from Palestine, Texas, 32*N latitude, bore the experimental 
package to an altitude of M41,000 ft (43 km). After activation and stabili- 
zation of tne instruments, the measurement phase commenced upon severence from 
the balloon of the stabilized parachute which controlled both the velocity and 
the angle of attack of the experimental package during descent. 

Figure 6 displays a segment of the 2 October CIO data with O.OS second time 
resolution synchronized with the 4 step gas addition sequence which was used on 
all flights reported here. Typically, the detector count rate is independent 
of [NO] as shown in Figure 6 after the probe hon accelerated to its t 'minal 
velocity and the HO addition lines have been cleared, which require a period 
of approximately 30 seconds during which the data are discarded. An exception 
occurred during the 28 July flight when a decrease In the O 2 absorption cell 

pressure, us ■' to eliminate all lines In the chlorine atom spectrum except the 

2 2 2 2 
Dj/ 2 ~ ^3/2 transition, permitted the P- P multiplet to enter the fluorescence 

chamber, inducing measurable fluorescence from injected NO. However, because 

the flow rates of NO were measured during descent and thus the ratio of the 

added NO concentrations was known, the contribution to the total count rate 

resulting from NO could be determined given the difference in the detector 

count rates. The correction amounted to 30% in the upper stratosphere decreasing 

to 10% at 22 km because of the rapid quenching of the NO fluorescence. For the 
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2 October flight obovc 35 km a difference In the detector count rate for the 
high and low NO flow rate, corrcopondlng to a 10% correction in [CIO], was 
obnerved which could have resulted from residual NO emission. Those factors 
wore taken into account in calculating the experimental uncertainty for each 
experiment . 

An important diagnostic afforded by the addition of NO at two significantly 
different flow rates involves the three body recombination step 

Cl + NO + M — NOCl + M. 

As the parachute-suspended probe descended, the atmospheric dcmslty, and thus 
[M], increased exponentially with decreasing altitude while the velocity, which 
is inversely proportional to the square root of the atmospheric density, 
decreased thereby increasing both the concentration of NO for a given flow rate 
and the reaction time after injection of the NO. Below 25 kilometers these 
factors sufficiently accentuated the above recombination step for the higher NO 
flow to measurably suppress the Cl atom concentration following its initial 
formation from CIO. For each flight the dependence of the detector count rate 
on added NO was checked by e:;m^-aring the calculated Cl atom concentration ratios 
for the high and low flow rate cases with the observed ratios as a function of 
altitude. Good agreement was found in each case. 

The concentrations of Cl and G" 0 measured on each flight are shown in 
Figure 7. For CIO the result of itsch data frame, (i.e. each 6 second gas addi- 
tion sequence) is plotted whereas fov Cl the data represent a 0.5 km average 
for the 28 July and 2 October results and a 4 kilometer average for the 
8 December data. The decreased signal to noise ratio of the 8 December data 
results from (a) lower Cl densities and (b) a change in the oscillation mode 
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of tho microwave cavity usfid to auatain the . laama cllachnrac! in the rcHonance 

6 

Xatnp, reducing the I189A photon flux and thus the Inrjtrument^s sensitivity. 

Experimental uncertainties for each measurement are liijted in Figure 7 
and are based upon uncertainties in (a) laboratory absolute calibration (i 2^7o) , 
(b) convoluti :)n of the lamp resonance line and the atomic absorption cross 
section, as a function of lamp body temperature (± 20%) and (c) absolute flux 
measurements during flight (± 10%). The instruments were calibrated before and 
after each flight and the hardware, interference filters and key optical compon- 
ents were identical for all flights. Continuing laboratory work will provide 
the background information necessary to reduce the quoted uncertainties. 

Figure 8 presents the data of Figure 7 averaged over an altitude interval 

of 1 km. Although significant variability Is present ir the Integrated data, 

the large fluctuations are decidedly reduced. Figure 9 displays the smoothed 

data of Figure 8 in terms of the Cl and CIO mixing ratio by volume. Th “ak 

observed Cl Tnixing ratios occur at the maximum altitude of the exp.rl ,rl ,m) 

and were 1.9 and 2.6 x 10 respectively for the July and October flights. The 

maximum CIO mixing ratios occurred at 36 km for all three flights but tbe peak 

mixing ratios were significantly different for all three flights, 1,8, 2.9 and 
-9 

C.6 X 10 for July, October and December respectively. 

Figure 10 presents a comparison between the 1 km averaged data of Figure 8 
and 4 theoretical predictions of Cl and CIO (20) calculated for conditions appro- 
priate to summer midday conditions at 30°N latitude, corresponding to the maxi- 
mum predicted Cl and CIO concentrations for the geographic position of the 
measurement. It is, of course, impossible to compare these experimental results 
with all the available 
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theort'ti ual predict ions; the above four models were selected because (a) they 
represent a cross section of the major theoretical efforts to (]uantitativoly 
predict ch’ urine catalyzed ozone depletion and (b) they odequately encompass 
the raiip.o of theoretically predicted Cl and CIO concentrations. The chlorine 
mixing ratio, defined as the total number of chlorine atoms, luiuiul and free, per 
unit volume divided by the total atmospheric number density, is Indicated for 
each model and represents the considered opinion of the respective authors. 
Figure 11 presents a comparison between the measured and predicted [Cl]/[JnO] 
ratio as a function of altitude using the same models referred to in Figure 10. 

Two conclusions can be drawn from an inspection of Figures 10 and 11: 

(1) Observed Cl and CIO densities exceed the model predictions, 

particularly below 35 km for the July and October experiments but 
significantly less Cl and CIO were observed in the December flight. 

I2) The observed [Cl] to [CIO] ratio is in rough agreement with 
prediction. 

An Interpretation of conclusion (2) is straightforward. Reactions [IJ-tS] 
establish a photochemical steady state between Cl and CIO such that the ratio of 
their concentrations may be written 


[Cl] 

[CIO] 


k^[0]+k3[N0] /M [0] /^3\ [NO] 

k^IOjl (O3I IO3] 


[5] 


Moreover, atomic oxyg>?n and ozone are in a mutual steady state controlled by 
ozone phut.olysi.-i 


O3 + hV 



? 0 + 0 


2 
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and oxygen atom recombination 


0 + 0^ + M O 3 + M 


BO that 


[ 0 ] 

[O3I 


k^lMH02] 


[ 6 ] 


Substitution of Expression [ 6 ], which has b< cin empirically verified within the 
accuracy required here (14), into [5J yields 


ten /M % , /^3\ [NO] 

[CIO] 1 kj k^[M]t02] I M IO 3 J 


t7] 


Reaction rate constants, k^, k 2 » and k^ are wall known (12, 13, 14) and 
sufficient knowledge of [0], [NO] and [O 3 J exists to demonstrate that above 35 km, 
the term in Expression [7] involving NO is Insignificant and thus 


[Cl] /M °3 
[CIO] J k4[M][02] 


18] 


In the altitude region where data on the [C1]/[C10] ratio exist. All quantities 
on the right hand side of [ 8 ] are well known and do not involve the intricacies 
of stratospheric photochemistry. Thus, Conclusion (2) represents rough experi- 
mental substantiation of a rather simple steady state relationship rather than a 
significant test of stratospheric photochemical theory. The difference among the 
various models on this point is somewhat surprising. 
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An interpretation of Conclusion (1) Is not so straightforward. On the one 
hand, when the complexities Inherent in o complete theoretical calculation are 
considered, an agreement between prediction and observation to within a factor 
of 2 is not unreasonable. It also must be stressed that three atmospheric experi- 
ments do not constitute a satisfactory statistical sampling of a fundamentally 
transient photochemical system. 

On the other hand, the discrepancies apparent In Figure 2 may not be insig- 
nificant and can result from one or both of the following: 

(a) An incorrect CIO (taken here to include both Cl and CIO) to total 

chlorine. Cl , (principally HCl and C10NO„) ratio 
JC ^ 

(b) An underestimate of the total chlorine mixing ratio in the strato- 
sphere. 

Point (a) represents an area of significant uncertainty. The [CIO ] to 

. ^ 

[Cl^] ratio is believed (7, 8, 9, 10) to be controlled in the upper stratosphere 
primarily by the reaction between chlorine atoms and methane forming HCl 


5 

Cl + CH, HCl + CH_ 

4 3 

and the reaction between hydroxyl and HCl reforming free chlorine 

K 

OH + HCl HjjO + Cl . 


These reactions are sufficiently rapid to establish a steady state between Cl and 
HCl such that 


[Cl] 

[HCl] 


kg [OH] 
k^CH^] ' 


[9] 
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with the aid of Expressions [7] and [9] we can then write 


[HCl] 


mi 

[HCl] 


. [CIO]) 

kg [OH] 


[ ^ [Cl] J 

kg[CH^] 

k^Loj+kgENO] J 


1 - 


The expression within the brackets, however, is a reasombly well defined quantity 
throughout the stratosphere as previously discussed. Both k^j and kg have been 
studied extensively and, with the possible exception of minor uncertainties in the 
temperature dependence of kg, are well known. Thus, within the context of current 
stratospheric photochemical theory, uncertainties in the concentrations of OH and 
CH^ are a critical issue and represent a major point of divergence between the 
various theoretical predictions. 

The hydroxyl radical has beM' measured in the stratosphere by three different 
methods, (15, 21, 22) but be- the OH measurements were not done simultaneously 

with those of Cl and CIO, it is not possible to reliably determine the density vs. 
altitude profile of OH appropriate to the Cl-ClO flights. It has also been demon- 
strated that OH exhibits day to day variability, encompassing nearly an order of 
magnitude in its vertically integrated concentration between the tropopause and 
the mid mesosphere (22), It is thus tempting to assign major fraction of the 
observed variability in CIO to OH but the evidence is thus far circumstantial. 

Significantly more data exists on the vertical distribution of methane 
(23, 24) although limited information Is available above 30 km and much of the 
Information is integrated in either time or space. A direct correlation between 
CIO^ and HCl must await a simultaneous observation of OH, CIO, HCl and CH^. 

With respect to point (b) , an appraisal of total stratospheric chlorine is 
accomplished by a detailed accounting of all chlorine containing molecules known 
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to tixist at the tropopause, liunming contributions from each assuming eventual 
liberation of all chlorine from the parent molecule by photolysifi or chemical 
react! n. Extensive research has taken place over the past three years (25, 26, 

27, 28, 29) demonstrating both Che existence of these chemical source terms in 
the stratosphere and, in many cases, their concentration gradient above the tropo- 
pause. It i generally assumed, based upon this accounting, that the total 
chlorine mixing ratio falls in the range 1.5 to 3.0 ppb as reflected in the 
choices adopted in the theoretical calculations displayed in Figure 10. However, 
CIO does not conuLitute the entire chlorine budget in the upper stratosphere. 

For example, at 36 km, where the CIO mixing ratio peaks, total chlorine la believed 
to be shared primarily between CIO and HCl so that 

tCl^] - [CIO] + [HCl] « [CIO] |l + 

However, for typical concentrations of [OH] and [CH^] and appropriate values for 
and kg one finds, using Expression [10], that 

[^6 ' } ~ ^ at 36 kilometers. 

Thus, for example, the peak mixing ratio ob: >rved in the 2 October flight Is a 
factor of two to four higher than the total chlorine mixing ratios of 3,0 and 

I. 5 ppb respectively would imply. Of course by assuming (1) the OH concentration 
at the time of the 2 October flight was as high as the maximum observed by Burnett 
and (2) a total chlorine mixing ratio approximately 30% higher than the maximum 

II. MJ ac( epted, reasonable agreement is achieved. 
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Another important consideration with respect to the question of total 
chlorine is the correlation between observed HCl mixing ratios at 26-28 km of 
1 to 2 ppb (30, 31, 32, 33) and the peak observed CIO mixing ratio at 36 km. 

At 26 km chlorine nitrate and IICI are believed to dominate the total chlorine 
budget so that 

f (C10NO„] 

1 + — HCli" 

Tlieoretical predictions (34) show that if an acceptable pressure dependence 
is used for CIONO 2 forme, jn 

CIO + NO 2 + M — > CIONO 2 + M 

the concentrations of HCl and CIONO 2 are roughly equivalent at this altitude, thus 
implying total chlorine mixing ratios of 2-4 ppb. In any event the total chlorine 
mixing ratio cannot be equated with the HCl mixing ratio in the region between 25 
and 30 km until an adequate data base exists on the [C10N02]/[HC1] ratio In that 
region. Simultaneous CIONO 2 -HCI measurements, perhaps by long path IR absorption 
techniques, are needed to settle the issue. 
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FlRurtj Captions 


Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 

Figure 


1 A schematic of the instrument detection pod nlong the flow njjis 
showing the optical and mechanical configuration of the prohe. 

2 The vacuum ultraviolet spectrum of atomic chlorine showing the 

2p_2p^ 2p_Zjj gjjjj 2p„4p nmitiplets. 

3 The emission spectrum of the microwave plasma discharge lamp between 
1150 and 1700A showing the resonance lines corresponding to the 
energy level diagram of Figure 2. 

4 The emission spectrum of the resonance lamp - O2 cell combination 
demonstrates the removal of each resonance line except the 1189A 
transition. 

5 The double pod instiuivent configuration with supporting hardware' 
and descent parachute. 

6 Raw flignt data from the 2 October experiment showing the gas 
addition sequence used in the CIO experiment. 

7 Atomic chlorine and CIO density profiles for the 28 July, 2 October 
and 8 December flights. Data for each gas addition sequence are 
shown for CIO, the Cl data represent a 0.5 km integration interval. 

8 Data for the three flights smoothed over a 1 km interval. 


9 Atomic chlorine and CIO plotted in terms of mixing ratios for each 
flight. 

10 A comparison between the Cl and CIO observation shown in Figure 8 and 
theoretical calculation of the noon time C30“N latitude) Cl and CIO 
densities. 

11 A comparison between observed and calculated [Cl] /[CIO] ratios. 
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